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AFEB June 20, 2003

MEMORANDUM FOR

The Assistant Secretary of Defense (Health Affairs)
The Surgeon General, Department of The Army
The Surgeon General, Department of The Navy
The Surgeon General, Department of The Air Force

SUBJECT: DoD Immunization Program for Biological Warfare Defense — 2003 - 11

1. References:

a. Department of Defense Directive 6205.3, “DoD Immunization Program for Biological
Warfare Defense,” dated November 26, 1993.

b. Department of Defense Directive 6200.2, “Use Of Investigational New Drugs for Force
Health Protection,” dated August 1, 2000.

¢. Memorandum, OASD(HA)/FHP&R, March 13, 2002, Therapeutics Against Biowarfare
Agents.

d. Memorandum, AFEB 2002 - 09, August 12, 2002, Therapeutics Against Biowarfare
Agents.

2. The Armed Forces Epidemiological Board (AFEB) annually provides recommendations to
the Assistant Secretary of Defense for Health Affairs and the DoD Executive Agent on vaccines
and immunization protocols necessary to enhance protection against validated biological warfare
threat agents. Specifically, DoD Directive 6205.3 requires that “on an annual basis the President
of the Armed Forces Epidemiological Board (AFEB) shall identify to the Assistant Secretary of
Defense for Health Affairs “vaccines available to protect against validated biological warfare
threat agents, and recommend appropriate immunization protocols”.

3. On 20 and 21 May 2003 the AFEB met to consider the biological threat agents designated by
the Chairman of the Joint Chiefs of Staff. The current Chairman of the Joint Chiefs of Staff
validated threat list was last updated in September 2002. The Board received briefings on
international biowarfare vaccine production capabilities, the current intelligence based biological
warfare threat, the current U.S. military vaccination program for anthrax and smallpox, the
Medical Biological Defense Research Program, and the Joint Vaccine Acquisition Program.
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4. The proponent office for the current DoD Directive, DoDD 6205.3, DoD Immunization
Program for Biological Warfare Defense, dated November 26, 1993, briefed the Board on
current efforts to revise this directive. The revision would broaden its focus from vaccines to all
medical countermeasures, including pharmaceuticals, available for prophylaxis and treatment of
biowarfare agents. The Board endorsed the concepts presented as part of the planned revision of
this document.

5. The Board would like to recognize the outstanding performance of the staff of the Military
Vaccine (MILVAX) Agency, particularly Colonel John Grabenstein, in coordinating DoD’s
Smallpox Vaccination Program in support of military operations in the Central Command area of
responsibility. Over a highly compressed time frame, MILVAX coordinated a multi-Service
effort that developed educational materials, policies, and procedures that facilitated the
vaccination of almost 500,000 active duty and reserve personnel. This was accomplished
through a screening process that reduced the occurrence of the well-recognized complications of
smallpox vaccination below historical rates. As a result, no cases of progressive vaccinia or
eczema vaccinatum were reported or identified, nor were any fatalities that could be attributed
directly to the use of the vaccine. Although cases of generalized vaccinia were seen, these were
mild, did not require the use of vaccinia immune globulin (VIG), and occurred at or below the
expected frequency. Efforts to minimize the risk for secondary inoculation appear to have been
successful; no cases were identified in health care settings and only one episode of ocular
inoculation in a contact required VIG administration.

6. The Board has had a longstanding interest in force protection against biowarfare agents such
as anthrax and smallpox, and in recent years has issued a number of statements concerning use of
the vaccines. These previous AFEB statements have supported the use of the vaccines when
indicated to protect individuals being deployed to areas where analysis has determined that there
is a credible risk of exposure.

a. Previous AFEB recommendations on administration of anthrax vaccine remain
current. In regard to the anthrax vaccination program, the Board acknowledges efforts made to
address previously stated concerns and to share publicly the findings of research efforts. We
have seen no data that leads us to conclude that the vaccine is unsafe when administered
according to the package insert. The range of reported side effects experienced by recent
recipients of the anthrax vaccine are in line with previously published reports. There are no
convincing data demonstrating long-term adverse health impacts to recipients of anthrax vaccine.

b. The Board is concerned about two issues related to the smallpox vaccination program:

(1) The first is an unexpectedly high number of myopericarditis cases occurring
in a 2-week period following vaccination (1). This complication was infrequently identified
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during previous vaccination programs in the U.S., although it was reported to occur in
approximately one in 10,000 Finnish military recruits (2). Currently available data indicate a 6-
fold increase in risk during the 2-week post-vaccination period, even though most cases have
been transient and mild with apparent recovery. All cases have occurred in white males between
the ages of 21 and 33 years, despite the fact that 25-30% of vaccinees are members of minority
groups and 13% of vaccinees are female. There also appears to be variation in the rates of
myopericarditis recognized by the various uniformed Services, with higher rates seen in the
Coast Guard, Army, and Air Force, and few cases recognized among Navy and Marine Corps
personnel. This suggests that the number of myopericarditis cases may be higher than reported
to date.

(2) The second concern relates to the number of pregnancies occurring among
personnel at the time of, or shortly after, receipt of smallpox vaccine. Although rare, fetal
vaccinia is a recognized complication of smallpox vaccination. The Board acknowledges that a
significant proportion of these pregnancies could not have been identified at the time of
vaccination either because they were too early or because conception took place post-
vaccination. However, the rapid operational tempo surrounding deployment to Southwest Asia
is likely to have been a contributing factor. The Board notes that additional screening measures
have been instituted to assure that such avoidable complications can be minimized in the future.
The efforts undertaken to enroll these women into the smallpox pregnancy registry so that
appropriate monitoring can occur and any complications documented are noteworthy.

Weaponized anthrax spores remain a potential threat to U.S. military personnel. Although
impossible to quantify, there does appear to be an ongoing concern that the virus that causes
smallpox is also a legitimate concern for U.S. military personnel. Use of either agent as a
biological warfare weapon can result in significant morbidity, mortality, and operational
disruption. In light of the success of vaccination efforts to date, it appears reasonable to continue
both anthrax and smallpox prophylaxis for those personnel and in those deployments in which
there is a perceived potential risk of exposure.

7. Regarding available vaccines and immunization protocols necessary to enhance protection
against validated biological warfare threat agents, the Board makes the following
recommendations:

a. The Board continues to strongly endorse efforts to develop new generation
anthrax vaccines that are potentially less reactogenic and could require less frequent
dosing to afford protection. We also support efforts within the Departments of Defense
and Health and Human Services to explore alternative dosing schedules and administration
routes to minimize localized reactions with the currently available vaccine.
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b. Uniform criteria for evaluation and follow-up of patients with myopericarditis
following smallpox vaccination should be developed. Individuals diagnosed with smallpox
vaccine associated myopericarditis should be evaluated clinically in the mid- and long-term
to ascertain the consequences of this clinical manifestation following smallpox vaccination.
Analytic studies should be undertaken to examine risk factors for myopericarditis after
smallpox vaccination in military personnel. Consideration should be given to case-control
studies, genetic and other laboratory analyses that may help define why this complication
occurs in the patterns currently seen. These studies might also help determine the optimal
environment and timing for vaccine administration prior to deployment to a designated
threat area. Enhanced clinical awareness and uniform criteria for evaluation should help
address the discrepancy in case recognition among the various uniformed Services. It is
also important to conduct longitudinal studies to ascertain any long-term consequences
among recognized cases of myopericarditis and among all smallpox vaccinees compared to
non-vaccinees. Such data are necessary to factor into risk-benefit analyses regarding
future use of this vaccine and these data should be part of the criteria used in making
decisions about the current smallpox vaccination program.

¢. Measures should be strengthened to further reduce the potential for vaccinating
pregnant women and for educating females about the importance of avoiding conception in
the peri-vaccination period. Consideration should be given to development of policies that
minimize just-in-time vaccinations prior to deployment so that adequate time is available
for education, screening and vaccination deferral as appropriate.

d. As long as vaccine supplies are adequate, the current risk-based approach for
anthrax vaccination and capabilities-based approach for smallpox vaccination, focused on
deployments to high threat theaters of operations, should be retained as the basis for
decisions about the need for pre-exposure vaccination against biowarfare threats such as
anthrax and smallpox. Such approaches should also take into consideration the need for
adequately vaccinated emergency response personnel and the feasibility of alternative pre-
and post-exposure therapeutic interventions. Results of the recommended studies on
current smallpox vaccine recipients diagnosed with myopericarditis will need to be
evaluated on an ongoing basis.

e. The Board supports the proposed rewording of DoDD 6205.3 to include annual
review of all available medical countermeasures for biowarfare threat agents.
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f. The Board is disappointed that a joint requirements document has not been
developed for therapeutics against biowarfare agents as recommended in AFEB 2002-09,
dated August 12, 2002. Because of the recent re-organization of the Chemical/Biological
Defense Program and the establishment of the Joint Requirement Office — Chemical,
Biological, Radiological and Nuclear (JRO-CBRN), the Board recommends that JRO-
CBRN address the 2002-09 Board recommendation.

8. The above recommendations were unanimously approved.

FOR THE ARMED FORCES EPIDEMIOLOGICAL BO
4 e

JU).

STEPHEN M. OSTROFF, M.D. S R.RIDDLE, D.V.M., M.P.H.
AFEB, President Colonel, USAF, BSC
AFEB Executive Secretary

2. Enclosures

1. Halsell JS, Riddle JR, Atwood JE, et al. Myopericarditis Following Smallpox Vaccination
Among Vaccinia-Naive US Military Personnel. Jama. Jun 25 2003;289(24):3283-3289.

2. Karjalainen J, Heikkila J, Nieminen MS, et al. Etiology of mild acute infectious myocarditis.
Relation to clinical features. Acta Med Scand. 1983;213(1):65-73.

CF:

Board Members and Consultants (w/o Encls)
USD(AT&L) (w/o Encls)
DATSD(CBD) (w/o Encls)
USAMRMC (w/o Encls)
J4-MRD (w/o Encls)
AMEDD(C&S) (w/o Encls)
USAMRIID (w/o Encls)
JVAP (w/o Encls)
DASG-HCF (w/o Encls)
JRO-CBRN (w/o Encls)
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E REPORT THE FIRST 18

cases of probable myo-

pericarditis following

smallpox vaccination
among otherwise healthy, young adult
members of the US military who were
vaccinated between mid-December
2002 and March 14,2003 (N=326356;
230734 primary vaccinees and 95622
revaccinees). Despite decades as the
standard vaccine for US civilian and
military populations, the New York City
Board of Health (NYCBOH) strain of
vaccinia virus (Dryvax, Wyeth Labo-
ratories, Marietta, Pa) has only rarely

See also pp 3278, 3290, 3295,
and 3306.

Context In the United States, the annual incidence of myocarditis is estimated at 1
to 10 per 100000 population. As many as 1% to 5% of patients with acute viral in-
fections involve the myocardium. Although many viruses have been reported to cause
myopericarditis, it has been a rare or unrecognized event after vaccination with the
currently used strain of vaccinia virus (New York City Board of Health).

Objective To describe a series of probable cases of myopericarditis following small-
pox vaccination among US military service members reported since the reintroduction
of vaccinia vaccine.

Design, Setting, Participants Surveillance case definitions are presented. The cases
were identified either through sentinel reporting to US military headquarters surveillance
using the Defense Medical Surveillance System or reports to the Vaccine Adverse Event
Reporting System using International Classification of Diseases, Ninth Revision. The cases
occurred among individuals vaccinated from mid-December 2002 to March 14, 2003.

Main Outcome Measure Elevated serum levels of creatine kinase (MB isoenzyme),
troponin |, and troponin T, usually in the presence of ST-segment elevation on elec-
trocardiogram and wall motion abnormalities on echocardiogram.

Results Among 230734 primary vaccinees, 18 cases of probable myopericarditis af-
ter smallpox vaccination were reported (an incidence of 7.8 per 100000 over 30 days).
No cases of myopericarditis following smallpox vaccination were reported among 95 622
vaccinees who were previously vaccinated. All cases were white men aged 21 years to
33 years (mean age, 26.5 years), who presented with acute myopericarditis 7 to 19 days
following vaccination. A causal relationship is supported by the close temporal cluster-
ing (7-19 days; mean, 10.5 days following vaccination), wide geographic and temporal
distribution, occurrence in only primary vaccinees, and lack of evidence for alternative
etiologies or other diseases associated with myopericarditis. Additional supporting evi-
dence is the observation that the observed rate of myopericarditis among primary vac-
cinees is 3.6-fold (95% confidence interval, 3.33-4.11) higher than the expected rate
among personnel who were not vaccinated. The background incidence of myopericar-
ditis did not show statistical significance when stratified by age (20-34 years: 2.18 ex-
pected cases per 100000; 95% confidence interval [Cl], 1.90-2.34), race (whites: 1.82
per 100000; 95% Cl, 1.50-2.01), and sex (males: 2.28 per 100000; 95% Cl, 2.04-2.54).

Conclusion Among US military personnel vaccinated against smallpox, myopericar-
ditis occurred at a rate of 1 per 12819 primary vaccinees. Myopericarditis should be
considered an expected adverse event associated with smallpox vaccination. Clini-
cians should consider myopericarditis in the differential diagnosis of patients present-
ing with chest pain 4 to 30 days following smallpox vaccination and be aware of the
implications as well as the need to report this potential-adverse advent.

JAMA. 2003;289:3283-3289 www jama.com

Skyline Six, Suite 682, 5111 Leesburg Pike, Falls Church,
VA 22041-3206 (e-mail: James.Riddle@otsg.amedd
.army.mil).

Author Affiliations are listed at the end of this article.
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DVM, MPH, Armed Forces Epidemiological Board,
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EN

as indicative of virus infection)

ease, Or toxic agent

mediated disease remains unclear.

Box. Myopericarditis Following Smallpox Vaccination:
Adverse Event Surveillance Case Definitions

Confirmed Myopericarditis Following Vaccination

Patient with acute myocarditis* with or without pericarditis with symptom onset
4 to 30 days after vaccinia exposure and absence of another causal infection, dis-
ease Or toxic agent and, virus culture or detectiont of vaccinia DNA by polymer-
ase chain reaction identification of vaccinia virus infection from myocardial tis-
sue or pericardial fluid (detection of viral nucleic acid in the myocardium is regarded

Probable Myopericarditis Following Vaccination
Patient with acute myocarditis”* with or without pericarditis with symptom onset
4 to 30 days after vaccinia exposure and absence of another causal infection, dis-

*Clinical diagnosis of myocarditis is confirmed by detection of elevated serum levels of cre-
atine kinase (MB isoenzyme), troponin I, and troponin T, usually in the presence of ST-
segment elevation on electrocardiogram and abnormal findings on echocardiogram.

tWhether vaccinial myopericarditis is a direct viral cytopathogenic effect or an immune-

been associated with myopericarditis
following vaccination. Only 5 cases
were reported in the medical litera-
ture between 1955 and 1986.'%
Myocarditis and pericarditis follow-
ing vaccination have been reported more
commonly with other vaccinia virus
strains,’!” may be associated with other
adverse events following vaccination,’?
and may be asymptomatic.'®#20In 1968,
Price and Alpers'* noted that minor car-
diac complications after smallpox vac-
cination may be more common than is
generally reported. Six years earlier,
MacAdam and Whitaker® reported 3
cases of cardiac complications 5 to 14
days following smallpox vaccination and
suggested that cardiac complications had
been previously overlooked. In 1983, the
incidence of myocarditis following vac-
cination among Finnish military con-
scripts who were hospitalized with mild
myocarditis following vaccination with
the Finnish strain of smallpox had been
estimated to be as high as 1 per 10000.%
As early as 1953, Mathieu and Hadot®
recommended screening for cardiac risk
factors before vaccination, especially in
individuals aged 50 years or older.

METHODS
Surveillance for Adverse Events

A program to vaccinate up to 500000 US
military personnel was launched mid-
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December 2002.2* To detect adverse
events after vaccination, the Depart-
ment of Defense and the US Coast Guard
require reporting to the Vaccine Ad-
verse Event Reporting System (VAERS)
using established guidelines. Addition-
ally, the Department of Defense encour-
ages clinicians to report all other clini-
cally relevant adverse events after
administration of any vaccine or medi-
cation to VAERS or MedWatch (US Food
and Drug Administration Safety Infor-
mation and Adverse Event Reporting
Program). To heighten awareness of po-
tential adverse events, including car-
diac events, clinicians were provided ex-
tensive education and vaccinees were
individually counseled and provided
educational material. An Internet site
providing access to a comprehensive ar-
ray of materials and ongoing program
status was established (http://www
.smallpox.army.mil/).

A 3-pronged approach was imple-
mented for surveillance and patient
safety following vaccination, as de-
scribed by Grabenstein and Winken-
werder? elsewhere in this issue of THE
JOURNAL. Standard documentation was
used to record screening results, vac-
cination delivery, vaccination re-
sponse, and adverse event manage-
ment. Vaccination was recorded
electronically as a component of the in-

dividual’s longitudinal health record,
which was maintained as part of the De-
fense Medical Surveillance System
(DMSS).* This system integrates data
from sources worldwide in a continu-
ously expanding relational database that
documents the military and medical ex-
periences of service members through-
out their careers. The DMSS allows
nearly instantaneous assessments of the
morbidity experiences of service mem-
bers who share common characteris-
tics, such as vaccination. Statistical
analysis was performed using SAS ver-
sion 8.02 (SAS Institute, Cary, NC).

Case Identification

The cases presented herein were iden-
tified either through sentinel report-
ing to military headquarters and/or to
the VAERS or through diagnostic sur-
veillance among vaccinees at military
treatment facilities using International
Classification of Diseases, Ninth Revi-
sion (ICD-9)* coded diagnoses (420.90,
420.99, other and unspecified acute
pericarditis; 422.90,422.91, other and
unspecified acute myocarditis; and
429.0 myocarditis unspecified) ob-
tained from the DMSS. Fifteen cases
were first identified from surveillance
of military treatment facilities, and only
3 cases were first identified from the
VAERS. The cases were classified based
on surveillance case definitions shown
in the Box. Clinical diagnosis of myo-
carditis was based on detection of el-
evated serum levels of creatine kinase
(MB isoenzyme), troponin I, and tro-
ponin T, usually in the presence of ST-
segment elevation on electrocardio-
gram and wall motion abnormalities on
echocardiogram.

RESULTS

Clinical and diagnostic details for the 18
cases of probable myopericarditis fol-
lowing smallpox vaccination reported
among 230734 primary vaccinees (71%
of vaccines) are presented in the TABLE.
No cases were detected among 95622
vaccinees who were previously vacci-
nated. All cases were military person-
nel in active duty who received vaccina-
tion with the NYCBOH strain of vaccinia
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Table. Relevant Findings Among 18 Primary Vaccinee Cases With Probable Myopericarditis Following Smallpox Vaccination Among
US Military Personnel

Cardiac
After Smallpox and Other Enzymes Infectious Disease
Vaccination, Vaccines Administered ECG ECHO Positive Peak Laboratory Evaluation
Case d Within 30 d Viral Prodrome  Chest Pain Findings Findings Levels* Resultst
1 11 1/25/03: smalipox Myalgias, Substernal ST-segment Lownomal LV CK-MB, 48.6;  Serum: hepatitis pane!
1/23/03: meningococcal arthraigias, elevation systolic troponin |, negative; CBC and
and anthrax lymphade- function; 14.76 metabolic panel normal;
1/29/03: MMR nopathy EF, elevated liver enzymes:
50%-55% AST, 94 (normal, 5-45
IUAL); ALT, 66 {(normai,
7-56 IU/L); ESR elevated:
30 (ncrmal, 0-15 mmv/h)
CSF: none
Other: none
2 7 1/31/03: smalipox Fever (38.5°C),  Better with Normal EF, 50%; CK-MB, 8.0; Serum: coxsackie A and B
chills, bending improved troponin |, virus, HIV, hepatitis A, B,
headache, forward later to 59% 1.31 and C, Lyme Ab, ANA,
stiff neck, RF, ASQO: negative,
myalgias acute, and convalescent;
Adenovirus CF Ab
unremarkable; DNAse B
Ab unremarkable
CSF: viral culture negative,
Shell vial cutture for
Enterovirus, HSV, and
CMV negative
Other: nasal wash viral
culture negative
3 8 2/05/03: smallpox, Fever Squeezing, ST-segment Normal CK-MB, 22.3;  Serum: influenza A and B,
anthrax, influenza, (subjective), pleuritic, elevation troponin 1, RPR, ANA, HIV, hepatitis
typhoid (parenteral) sore throat, reproduced 3.0 profile, RF, viral cultures,
myaigias by touch PPD, CBC, metabolic
panel normal, C-reactive
protein, 1.1 (nomal <1
mg/dL), ESR, 26 (normal
0-15 mmv/h)
CSF: none
! Other: none
4 11 2/08/03: smailpox Fever Radiation to ST-segment Pericardial CK-MB, 133 Serum: baseline laboratory
(subjective), neck elevation effusion = 4 results (chem?7, CBC,
myalgias, mm LFT, and coagulation
arthralgias, studies) normal;
headache C-reactive protein, 42
(normal 0-1 mg/dlL)
CSF: none
Other: normal cardiac
catherization
5 10 2/13/03: smallpox Recent upper Pleuritic ST-segment Normal CK-MB, 33; Serum: CBC, ESR, and
2/Q7/03: anthrax respiratory elevation troponin T, metabolic panel normal;
2/26/03: anthrax tract 1.3 PCRs and cuitures for
symptoms enteroviruses and
vaccinia negative
CSF: none
Other: none
6 7 2/27/03: smalipox Chills, night Worse with ST-segment Mild global CK-MB, 55; Serum: C3/C4, CHs, levels,
and anthrax sweats movement elevation hypokinesis: troponin |, C1q assay, Raji cell
LVEF, 97.2 assay for circulating
50%-55% immune complexes, RF,
ANA, all normal; PCRs
and cuftures for
enteroviruses and
vaccinia, negative
CSF: none
Other: none
7 11 2/27/03: smalipox Fever Pleuritic ST-segment Small pericardial CK-MB, 46.4 Serum: hepatitis panel
(subjective), elevation effusion negative except for HBs
chills, Ab positive (previous
sweating hepatitis B vaccine); CBC
normal
CSF: none
Cther: none
8 10 2/13/03: smallpox Myalgias, fever  Pleuritic ST-segment Normal Troponin |, 7.7 Serum: C-reactive protein
2/06/03: anthrax (subjective}, elevation and ANA normal, Lyme
2/20/03: anthrax arthralgias titers negative
CSF: none
Other: none

(continued)
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Table. Relevant Findings Among 18 Primary Vaccinee Cases With Probable Myopericarditis Following Smallpox Vaccination Among
US Military Personnel (cont)

Cardiac
After Smallpox and Other Enzymes Infectious Disease
Vaccination, Vaccines Administered ECG ECHO Positive Peak Laboratory Evaluation
Case d Within 30 d Viral Prodrome  Chest Pain Findings Findings Levels* Resultst
9 12 2/28/03: smalipox, Recent upper  Pleuritic ST-segment Mild LV Troponin |, 22.5  Serum: metabolic panel, CBC,
anthrax, hepatitis B, respiratory elevation dysfunction; C1q assay, C3/C4, CH50
hepatitis A, tract LVEF, 45% levels, ANA, RF, all
influenza, polio (IPV), symptoms normal; C-reactive protein,
meningococcal, 3 (normal, 0-1 mg/dL)
typhoid (parenteral) CSF: none
Other: none
10 12 3/05/03: smallpox None reported  Pleurttic and ST-segment Normal! Troponin T, Serum: CBC, metabolic panel,
positional elevation 0.395 LFTs, TSH, all normal;
ESR, 35 (normal, 0-15
mm/h)
CSF: none
Other: none
11 19 3/08/03: smalipox, Fever, Positional ST-segment Low EF, 37% Troponin T, 8.2 Serum: muttiple heart biopsy
anthrax, hepatitis B, arthralgias, elevation specimens negative by
hepatitis A, dry cough PCR for vaccinia
influenza, CSF: none
typhoid (VICPs) Other: o i
. : cardiac biopsy
3/24/03: anthrax pathological results
consistent with
eosinophilic myocarditis
12 12 3/13/03: smalipox Myalgias Pleuritic ST-segment Low nomal CK-MB, 76.6;  Serum: acute and
1/16/03: typhoid (ViCPs) elevation LVEF, troponin |, convalescent viral titers
50%-55% 150 negative; C3/C4, Ciq
assay, CHg, interieukin-6,
Rajii cell assay, C-reactive
protein, negative
CSF: none
Other: none
13 14 1/30/03: smalipox Recent upper Substernal ST-segment Normal Troponin{, 30 Serum: CBC, metabolic panel,
1/17/03: anthrax respiratory elevation INR, lipid panel, protein
tract electrophoresis, TSH,
symptoms normal; C-reactive protein,
12 (normal, 0-1 mg/dL)
CSF: none
) Other: none
14 7 3/06/03: smalipox None reported  Left axillary Normal Normal Troponin |, 0.73  Serum: none
CSF: none
Other: none
15 7 3/14/03: smallpox Headache, Substernal ST-segment Low normal Troponinl, 15 Serum: CBC nomal
fatigue elevation LVEF, 50% CSF: none
Other: none
16 8 3/14/03: smallpox Chilis, Substernal with  ST-segment Inferior wall Troponin |, 1.99  Serum: CBC, metabolic panel,
adenopathy radiation depression hypokinesis lipid panel, drug
down both assays/toxicology, normal
arms CSF: none
Other: none
17 12 3/04/083: smalipox None reported  Substernal ST-segment Normal Troponin |, 139; Serum: CBC, metabolic panel,
51 8/03: anthrax elevation CK-MB, 93 normal
06/03: anthrax CSF: none
2/03/03: meningococcal Other: none
18 11 2/14/03: smalipox Muscle aches,  Substemal with  ST-segment Small pericardial  Troponin |, 3.23 Serum: CBC, metabolic panel,
and anthrax elevated radiation to elevation effusion ANA, anti-DNA,
temperature right with mild anti-cardiolipin, serum
scapula inferior electroimmunoelectropho-
hypokinesis resis, normal; C-reactive
protein, 8.03 (normal,
0-0.94 mg/dL)
CSF: none
Other: none

Abbreviations: ALT, alanine aminotransferase; ANA, antinuclear antibody; ASQ, anti-streptolysin O; AST, aspartate aminotransferase; C3/C4, complement factor 3/comple-
ment factor 4; CBC, complete blood cell count; CFS, cerebrospinat fluid; CF, complement fixation; CK-MB, creatine kinase MB isoenzyme; CHsp, total hemolytic comple-
ment; ECG, electrocardiogram; ECHO, echocardiograph; EF, ejection fraction; ESR, erythrocyte sedimentation rate; HBsAg, hepatitis surface antigen; HIV, human immunode-
ficiency virus; INR, international normalized ratio; IPV, injectable polio vaccine; LFT, liver function tests; LV, left ventricular; LEVF, left ventricular ejection fraction; MMR, measles-
mumps-rubella; PCR, polymerase chain reaction; RF, heumatoid factor; TSH, thyrotropin; VICPs, Vaccine Injury Compensation Programs.

*Troponin | and troponin T activity and CK-MB are reported in ng/mL.

tMetabolic panel includes serum sodium, potassium, chioride, CO,, blood urea nitrogen, creatinine, glucose, and calcium concentrations. Hepatitis panel includes hepatitis B
surface antigen, hepatitis C antibody, hepatitis B surface antibody, and hepatitis B core antibody. Chem 7 inciudes sodium, potassium, chioride, CO,, blood urea nitrogen,
creatinine, and glucose.
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virus in various regions of the United
States, Europe, and the Middle East. All
cases were white (73% of total vaccinees),
men (78% of total vaccinees), aged 21
years to 33 years (mean age, 26.5 years;
59% of total vaccinees were aged 21-35
years), with disease onset 7 to 19 days
following vaccination (mean, 10.5 days).
Typical clinical presentation involved
prodromal myalgias; arthralgias; subse-
quent pleuritic, precordial chest pain; and
variable shortness of breath and/or dry
cough. All vaccinees had elevated se-
rum cardiac enzyme levels; 15 of the 18
cases had ST-segment elevation changes
on electrocardiogram, and 11 of the 18
cases had abnormal echocardiogram
. findings (ie, wall motion abnormalities).
Biopsy of myocardial tissue was per-
formed in only 1 case; the results re-
vealed histological evidence of eosino-
phil infiltration of the myocardium,
eosinophil degranulation, secretion of
major basic protein in close apposition
to myocyte necrosis, and IL-5 genera-
tion. No cases were confirmed by viral
diagnosis. All cases had a characteristic
primary vaccination response at the in-
oculation site as defined by the World
Health Organization.”” Results of sero-
logic laboratory tests, when done, did not
indicate the presence of other infec-
tious etiologies or host conditions pre-
disposing to myopericarditis. All cases
survived and all returned to duty or are
on short-term convalescent leave.
Longer-term follow-up to detect pos-
sible sequelae is underway.

The 18 cases among 230734 pri-
mary vaccinees represent an incidence
of 7.80 per 100000 over a 30-day ob-
servation window. The background in-
cidence of myopericarditis in all ser-
vice members on active duty is 2.16 cases
(95% confidence interval, [CI], 1.90-
2.34; Poisson distribution) per 100000
over any 30-day period. This incidence
was calculated using 2002 calendar year
DMSS data for all services for the above
described 5 myopericarditis ICD-9 di-
agnoses among a population of 1399739
persons. When stratified by age, race,
and sex, the background incidence rates
in all service members of myopericar-
ditis were not statistically significant,

with 2.18 expected cases per 100000 for
ages 20 years to 34 years (95% CI, 1.90-
2.34); 1.82 expected cases per 100000
for whites (95% CI, 1.50-2.01), and 2.28
expected cases per 100000 for males
(95% CI, 2.04-2.54).

The expected number of myoperi-
carditis cases in the population of
230734 primary vaccinees was calcu-
lated by applying the background rate
estimate of 2.16 to this population,
which yielded 4.98 expected cases (95%
Cl, 4.38-5.40). The 18 cases reported
herein represent an unadjusted esti-
mate of relative risk (RR) of 3.61 (95%
CI, 3.33-4.11; Poisson distribution)
over the expected incidence of myo-
pericarditis.

Etiologic Summary of Cases

The lack of clinical suspicion for myo-
pericarditis following vaccination, no
standard evaluation protocol, and the
varied capability of the medical sites
where these cases presented resulted
in variable diagnostic workup for etio-
logic causes. In none of the cases was
infection of myocardial tissue or peri-
cardial fluid with the vaccinia virus
confirmed using virus culture or by
detection of vaccinia DNA by poly-
merase chain reaction. Among this
case series, when serologic testing was
done, findings have been negative for
coxsackie A and B viruses, as well as
hepatitis B and C, HIV, Borrelia burg-
dorferi, and Streptococcus pyogenes (by
antistreptolysin O and anti-DNAse B).
Viral cultures of nasal wash from 1
patient recovered no adenovirus or
influenza viruses. Results of cerebro-
spinal fluid viral cultures from the
same patient were negative, including
a shell viral culture that tests specifi-
cally for enteroviruses, herpes simplex
viruses, and cytomegalovirus. Results
of serum antinuclear antibody from 6
patients and rheumatoid factor from 4
patients also were negative. To address
the variability in etiologic diagnosis
given the unexpected occurrence of
these probable cases of myopericardi-
tis following vaccination, the Depart-
ment of Defense Vaccine Healthcare
Center Network is developing clinical

guidelines for evaluating patients and
clinical policy to increase clinician
awareness.

COMMENT

Viral myocarditis is an inflammatory
disorder of the myocardium character-
ized by injury of myocytes with asso-
ciated inflammatory infiltrate.”® Often
pericarditis and myocarditis are ob-
served in tandem, hence the term myo-
pericarditis.”® Clinical diagnosis is sug-
gested by detection of elevated serum
levels of myocardial enzymes (cre-
atine kinase-MB isoenzyme, troponin
I, and troponin T), usually in the pres-
ence of nonspecific electrocardio-
graphic changes and/or focal or gener-
alized wall motion abnormalities on
echocardiography.’®* In most cases, an
etiology is not determined, but in cases
in which a causative infectious agent has
been identified, viral agents are most
common, particularly the enterovirus
group (predominantly coxsackie B
virus), adenoviruses, and influenza A 3!
Diagnosis may be confirmed using his-
topathological and/or viral identifica-
tion by polymerase chain reaction from
endomyocardial biopsy or autopsy
specimens.?®*° Whether myopericardi-
tis following smallpox vaccination is a
direct viral cytopathic effect or an im-
mune-mediated phenomenon re-
mains unclear.

Association of Myopericarditis
With Vaccinia Virus

Vaccinia virus has long been associ-
ated with myopericarditis.”®**? How-
ever, only 1 previous report has de-
scribed the pathological characteristics
of myopericarditis following smallpox
vaccination; the histological changes in-
cluded a mixed mononuclear infil-
trate.” This case series of probable myo-
pericarditis associated with the New
York City Board of Health strain of vac-
cinia virus serves to establish an ex-
pected baseline rate for myopericardi-
tis following vaccination in primary
vaccinees. The cases reported herein oc-
curred only in otherwise healthy,
young, white adult men who were care-
fully screened for conditions that might
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preclude vaccination. The cases re-
ported were moderate to severe in clini-
cal presentation, and our observed in-
cidence of myopericarditis likely
represents a minimum, with milder
cases unrecognized.

The close temporal clustering follow-
ing vaccination (7 to 19 days; mean 10.5
days), the wide geographic and tempo-
ral distribution during the vaccination
program, and the lack of alternative di-
agnoses, provide epidemiologic evi-
dence for an association between small-
pox vaccination and myopericarditis.
Additional supporting evidence is the ab-
sence of myopericarditis in revaccinees
and the observation that the observed
rate of myopericarditis among primary
vaccinees is 3.6-fold higher than the ex-
pected rate among personnel on active
duty who were not vaccinated. How-
ever, some covariates could confound
this rate comparison, and a multivari-
ate statistical model in a case-control
study design is needed. Myopericardi-
tis due to a synergistic inflammatory
effect of multiple vaccines cannot be ex-
cluded. Exertion may have predisposed
these military personnel to viral myo-
carditis, as exertion has been associated
with increased viral titer and inflamma-
tion of the heart in experimental ani-
mal models.**?* Itis possible that the oc-
currence of myopericarditis following
vaccination may represent coincidental
outcomes; however, the data linking
myopericarditis with smallpox vaccine
seem the most likely explanation.

Clinicians should be alert to the
potential occurrence and implications
of myopericarditis among adult pri-
mary vaccinees after receiving small-
pox vaccination, and they should
report these adverse events to the
VAERS. Patients with a clinical suspi-
cion of myopericarditis based on
decreased ventricular function on ech-
ocardiography, a markedly elevated
troponin levels suggestive of signifi-
cant myocyte injury or a cardiac mag-
netic resonance imaging positive scan
for myocarditis may be indicated to
undergo endomyocardial biopsy.
Biopsy specimens should be tested for
the presence of vaccinia virus.

3288 JAMA, June 25, 2003—Vol 289, No. 24

Study Limitations

Potential bias exists for both underre-
porting and overreporting of cases. Al-
though extensive efforts have been made
to identify all cases, underreporting bias
may result from incomplete ascertain-
ment of cases with myopericarditis fol-
lowing smallpox vaccination, consider-
ing the reported mild-to-moderate acute
presentation and clinical course,'® and
the necessity of an index of suspicion to
pursue an association. The generalized
lack of clinical suspicion, exemplified by
only 3 cases initially being reported
through the VAERS, argues against over-
reporting of myopericarditis among vac-
cinees resulting from a case-ascertain-
ment bias of clinicians. Ascertainment
bias among vaccinees that resulted in
overreporting (eg, the inference that in-
dividuals with chest pain after small-
pox vaccination may be more likely to
seek care) also is unlikely, given the
moderate-to-severe clinical presenta-
tion of the reported cases. The absence
of cases in this study among revaccin-
ees, females, and nonwhite males is dif-
ficult to explain from a purely epide-
miologic perspective. The Centers for
Disease Control and Prevention (CDC)
has reported myopericarditis following
smallpox vaccination in females, al-
though the CDC case definition dif-
fered from that used to classify the cases
reported herein.® Although revaccin-
ees might be expected to be more aware
of the potential adverse effects from this
vaccine and thus be less likely to seek
care, given the extended time (de-
cades) from their initial vaccination, and
the acutely ill presentation of the re-
ported cases, this seems to be an un-
likely explanation.

These cases were diagnosed prior to
the press release from the CDC on March
25,2003, which changed the vaccine eli-
gible screening criteria and highlighted
the concerns for potential cardiac ad-
verse effects after smallpox vaccina-
tion.”” Recognition of potential cardiac
adverse events led to development of a
case definition for myocarditis and peri-
carditis and increased awareness by cli-
nicians of this potential adverse event fol-
lowing smallpox vaccination.*® Future

reports will include additional cases rec-
ognized subsequent to the change in case
definition along with follow-up of these
cases and a case-contro] study examin-
ing risk factors among the cases re-
ported herein.

The generalizability of these find-
ings from young adult military vaccin-
ees to the general US population is lim-
ited. Similar populations, such as police,
firefighters, or other first-responders,
are prescreened and periodically evalu-
ated for good overall health and there-
fore may be the most appropriate com-
parison group. Further investigation is
ongoing to better define the occur-
rence of myopericarditis following
smallpox vaccination. It also will be im-
portant to closely monitor the longer-
term health of these cases, as studies
have indicated that viral myocarditis
may result in long-term or permanent
damage to the heart.?

Implications
Implications of these findings for older
individuals, or individuals with preex-
isting cardiac morbidity, are un-
clear. Clinicians treating patients with
other complications from smallpox vac-
cination (eg, encephalitis, generalized
vaccinia, or eczema vaccinatum) may
want to evaluate patients for occult
myopericarditis.? Based on reports of
cardiac events following smallpox
vaccination among military and civil-
ian vaccinees, the CDC has recom-
mended additional exemptions based
on known cardiac disease or potential
risk factors for cardiac disease.*
These findings are relevant to cur-
rent policies and guidelines for vacci-
nating military and civilian popula-
tions against smallpox. Although these
cases all recovered clinically from their
acute illness, the potential long-term
consequences must be evaluated to
know the true significance of myoperi-
carditis following vaccination. Further-
more, these findings suggest that myo-
pericarditis following smallpox
vaccination is an expected adverse event.
We project a morbidity estimate of at
least 78 cases of clinical myopericardi-
tis per million primary vaccinees in com-
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parable adult populations. Myopericar-
ditis following vaccination should be
considered in the differential diagnosis
of patients with chest pain 4 to 30 days
following smallpox vaccination.
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Etiotogy of Mild Acute Infectious Myocarditis

Relation to Clinical Features
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ABSTRACT. Thr eticlogy of mild myocarditis, diag-

posedd tn the basis of secfal ECG chunges during

sn scute infectfon, was studied jn 126 comsecutive

conseripts. A fourfold rise In the antibody titers

in the paired serwmn samples was requined for 2

pitive ctiologic dimgmosis. An etfelogic diagnosis

was made probablo in 47 % of the patients. Adenp-

rivus was jperiminated in 19 patients, vacdnin in

[2, infloenza A in dght, S-hemolvtic Streptococcus

io six, mononncleosis in five and Mrycoplasma in

.| tree. Chlamydia, influenza B and Coxsackie B4
; weee sach found oo two patients; parainfeenza,

Humps and adult S:f!l’s disease were each found
£ { vaccinia myocarditis

- Y potad ‘during vaceinlz,
i;ﬁmmudmcxs, Mymphsm, Chiaroydia and Cox.
igazal'.iszic'. B4 infections. Adenovirus and (nfluenza A
myocarditis was most often subclinfcal, being mostly
4 dettcted only because of ECG scresning of patients
A dthoit cardise symptoms. Frequent recent vea-
I Ilar extrasystoles were most often triggersd by
§  B-bemolytic Streplococcus infection. The rtology
§ < lnfections myocarditls secns to refiect the averull
Profife of viruses and other infective agents in the
{ Wy popnlarion at that particular time. Cardio-
 "Phic viruses such as Coxsackie B only rardy Guse
B Myoxrditis putside epidemies.

' "'»"' words  adenovicus, S-hemeivtic Streptovoteus,

a - rdia, Cozsackie, Influenss, mononucientis, Myct-
5&:3,;’ qyocarditis, rayopericanditis, vaccing,

M bed Scand 213:65-71, 1963.

.> “‘*‘n\'cﬁ IUEI)G 4, 1931-

Mo,

L Pdls due 1o causes other than acute rheg-
':bt Ever or diphterin was practically undiag-
v “d Before thc repost by Gores and Saphir in

tmus Clmr~mt myo-

on 1402 auropsied myoacarditis cases (1), They

found that only about 1095 of the mryocarditis cases
were due to rheumatic fever and aoother (0% due
o diphteria, while rickettsial and viral diseases
were incriminated in 24 % of the cases. Since then,
a viral cavse of myocardifis, with or without peri-
carditis, has become increasingly recogmized. In
fact, most virus lofections may invalve the heart
(.

The jncidence and clinical picnirs of my: acarditis
have been surveyed duricg epidomics caused by
such virusas as Coxsackic B (3, 4) and influsnza

A (3-7). Howaver, few studiss have been made
of myocardits emerging during o specific pertod
4811} §t 35 penerally helisved that Coxsackie B

Virases are the most <ommon agents responsible
for mfetmcu_. myac;.rmis (12, 13} The ,ardlus‘
of acute rheumatic fever, on the other hand,
rage nnwndn}'s in the developed countnes, and ata
clipical picture is usuvally mild (14).

Chnical studies of myocarditis are embarrassed
by the difficulty of a diagnosis, expecially in mild
cases. The ECG eriteria are vague; eves very high
iccidence fgures of myocarditis {40%, during
specific viral infections) have besn published, as
reviewed by Woodrufl (13). Bawsver, all ECG
sbmoemalities nozed in connection with scute infec-
tiaux discases, such a3 vasorcguiatory asthenia,
should not be cxpiained ag Indicating myocardial
inwolvemsnt (16).

We have proposed a aew ECG classificanon for
patients with varicus ECG sboormalities which

suggest myocardial invelvement in connection with,
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infectious disesses. This classification is based on
serial ECG recordings and on the effect of 2 -
bleeking drug on these changes (17). Here we re-
porl our experience with (he etiology of myo-
carditis, with or without pericarditis, and its cor-
relation with chinfcal festures in copsecutive pa-
ients hospitalized beczuse of ECG changes sug-
gesting mvocsrdial involvement.

PATIENTS AND METHODS

One hundred and ziphaty-scven patlsnis, young men per-
“Forming miitary service, were thoroughly exammed ot
Centrel Military HMospital tin Helsinki, The patients
Bad been admiticd Jue w ECO aboonnalitiey which

- ware pbserved 1d the course of an acule icfictions discase,
This consecutive aeniea of 157 patients, agesd 18-38 years

(medirn 20), was collected duting the period Dec. 1976
Jan, 1981, Toe paticnts’ ECGs were taken systepmticaily
bacause of tymptoms er tigns suggesilng acute [nfections
Leant disemse, OF as a screening examination during an
acutz infection, even thoumh cardiac aymploms were
wel preseat (7, 17} MNore of the patienta nad ¢ history
of heart discase or other mejor medical problems,

Dizgnosis of myocarditi

On the Lesis of serial ECG tracings and the cffest of a.

B-blocking drug on the ST-T changes, 162 of the 187
patients could be ciassified into the following seven ECG
Eroups; )

Greup 1, The myopericarditis type 5T-T. pagiern
showed serially changing ECG ST segmeat elevagonas and
T wave inversions characteristic of the weli established
changes in “acute pﬁ-:ic.urdiﬁs" {18, Thiz ECG eborse
was noted in 34 patieats. Group 2, Myocarditis T wave
inversion, A gradual pattern of T wave ioversioas oc-
carred ip ag feast two ECG leady, where the T wave is 0or-
mally positive, gnd the inversions subsequently pradustly
reversed to nérmal. The T wave javersicns kad 1o last
for four days or mbdre. S-Blockade did not normalize
inverted T waves in woy of shese 23 patienis, Growp 3,
Thirty-five patencs showed & paitern of gm:ual T wive
changey similar to that described in group 2, In fact, the
anly difference was that no B-blockade tast was svailable
for this group. Growp 4. Vearricular sxrrxsystales wers
first moted derng ot soon after an acute Inlécticn as 3
prescoting symgptom in this patient group: szrial ECUs
a1 the same time showed minor T waves in five paticats.
Extrasystoley bad an occasional frequensy of 31 Jeast
10 betts/mir. Further, the patient himseif had j0 fee!
that this cardiac irrepulansy was s new s‘;‘mpm;m, This
2roup comprised 14 patients. Group 5. Shor-ens myc-
cardivstype T wawe Inversions, V-lu‘.h were gradually
{lmnzing but didd aot last longer thaw three dayz, were
noted in 17 patients. No g-bleczade test was availabie,
N vecillaling, funciions) T wave behavicur ook place
afler the ECG patiers had retumead 10 dormal, Crowy 6.
-Funetiopal T wave chenges did not show the gradually
whanging petart in the szrial ECGs described above, but
imstead vacilated irregolarly beowesn a pormal and =n
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suspected of ha-n*g acute mydcanditis. Growp 7. S

‘exercise. They sre presented in the Results semmif

a’bnnm*al stage. T wave [pversiOny were always gk
ented orthostazically, and ware ‘.ompl:m[v m,mml
b,' ﬁ»bsr‘-ﬂksda This grouy incleded I35 patienis lmn.“

T wave imversions grecuming in 14 patiznes did not ,}
sr.nal 2lierasions, norweres they noeralized by 8-bioe
()Hups i and I wemr conmdcn:d m h:n-: dr:.lmt:: m,ﬁf
e ,hﬁit]- tmt uncc; mm ln sm.p 5 whﬂc gmum
and 7 did not kave scute myocarditis. j'
The relevinss of this ECG classificasion was 43 -scu;;,u :
in QU previous report (7). The dissnosis of m; ;oczz-':'ﬂ
was baged on this ECG classification. Sup,,l»mm; '
ccho:.a:dxugraph':c apd serial X-ray siodies were made s 2
each p,az:cm whils serum enzvine analyscy were car-L
out mainly f the patics! »as seen in the cardy stags off L
ditease. These data hava been published separzely tl?!u
Twenty-five of the 187 patizoty eouls net be elasityd)
into any of the sevea groups presemied above. Th ;ﬁ
of these L5 patients were syspected of aving myasardit: ?f
One of e three panents developed right bund]e bm-},
block and prelengation of the PQ interval during an-
infection, Tz patient is presented in the Results secti?|
in the group of patients with extrasystoles fgroup 4), Tk
others had ST.T changes in their ECGs only 'JL.”..j

togather with zraup' 3 patients {possible myocardidrd)
The remaining 23 pstents wete oot tonsldered to &;ﬁ'
scute myocurditis and the walority of them just presems
with “n"i} repofarizatioa” vapagt ST changes or S-JPW
venticuiar - bemg arthythmias without sigry of "‘%
royocarditls. :
Thus, this seties comists of $7 palients with defmily
myoeardits, 30 with srobabis myocarditis and 19 wm"
poasible myocamz.::. Keute myocarditls was cqcud :
ualikely in the remaining 6] patiemts,

Eviologie mitrobiological diagnosis :
lo an attemnpt (o establish e sliology, serum 5!.&"&-}'!'55
were taken a3 3550 a1 possidle sfter 2 $yrapiomatic (@
fection and in the convalescent stage 2-3 weeks a5
A complement fination tes! was carped 0ul on a ndog!
scale uling sotgens for the adenoviurs RIOup, ;mvcé
A and B, paranﬂucru 1 and 3, parotitis V-uptisty
herpes sumplet, respimory symeytinl virus, cytome
virus, Coxssckic BY {':pr':&&ﬂnng the enierovires g =Tl
Myf‘ep si prcumoniac, and Chlamydis groxp satisgd
a 117 of the [2§ patients in ECG Eroups -3, The a8
baues 1o Cmncme 8 18 viruses were daiapminsed U8
meany of a newtradization test in Vero cells in 72 of t%
15 palients. A podsitive cuolngm diagnaosls was o2y
when at lesst & fourdold T was detecisd lo annted
titery in the paircd 3secum samples. A merzly high
falling titer was nol acceptzd as indicating a poshi
diagnosis, -
Other zzrological tests were performed accordlag
the clipfeal piziure of Wi infectlsn. Antibodies to ST,
tolysin § wert (zusumd in 0% of the patienms “Ugd
suspected myocacditis, A changng titer of 400 Ulol
more, or @ pasitive troat culture for g-hemolyiic Sty
teOCCus group A with an antivireptolysin titer of &
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Etivlagy of mild myocardily 67
1able [ Eiizlogy of myocarditis related 1o the ECT patierns
- B Geoug
1 2 3 4 P Total
! Ecﬁ tefinjtion Myeperi- Myocariiusy Wyocxeditiy Extra- Shers-tern
- carditiy T wave in. T vwave in- sysioles T wave in-
%ETSIONS yersions ’ varsiang
¥ pragriosis of , o
D;%zcardiﬁs Definite Defipite? Probable Prebatle Posyibic
1 ooy ) )
- ).;:f'a'r::ovims 3 4 4 0 & %9
Yacrisie 19 3 1 0 0 12
[afluenzn 4 1 3 3 0 2 3
Fireptosccys 1 i g 4 0 &
ngonucteomns 3 1 H 0 4] 5
Myocoplisma 2 J L 4] 1 E]
Celamyvdls i 1 Q 0 1] 2
Coxtackic B4 i b} 1 0 4] tz
Inflpenza B g ) i I D 1
Parzinifluenza i 0 4 ] o I
Memps 0 1 Q 9 Iy L
Adalt Stil s disease 4 0 L 9 ¢ 1
Unknown 12 73 s 10 I 57
Tomt oo, of pats. 34 2 3¥ is 19 £26

| * ¢-Blockade did not norpalipe invartad T waves,
[ *g-Blockade test nat parformed.

| Ulol or mure way required fur a positive disaposis of
3 resal aeplococeal disesse, A laboratory disgnosis of
Hestios mononuclensls was based on a povitive Paul-
Bumnel test and on differendal bicod ceil counts, And-
d toley agaluar toxoplasamy, yersinha, and corcna winis
& el 23 nuclear antibodies ar rheumacoid factats wers
¥ demrmined in appropriate patiemts.,

| Vaccinia virgs way considered a3 an evidemt etiologic
§ WAL In myocarditis or myopericarditis supervening
i 18 dayg afer s ymallpox vaccioatien when afl se-
y "ogical studies for ather agents were negative. Isolstion
- h virus from smools and/oe threat swabs was attemp-
iin 105 of the tayocarditis patients,

RESULTS

4 micrabiclogical efiology ‘was established for 39
| =t 126 paricnts (4756) with definite, probable
; f Roasible myocarditiy, as presented in Table L
‘h’j‘ tiology was mast often identified in myo-
§ *fSarditis patients {group 1) (655%), while the
f“‘lficﬁs rale was lowast {33%) (o patients with
: ‘-,Iir:‘j;;‘; arrhiythenias only {grcup 4,

| ,ql::f the 59 patiants with a positive microbial eds
: :“‘f v 47 had a viral diagnasis, six showed svidence
" etene infection with 3-hemolyt i Streptozacs
g ' are potential cases of acute rhisumasic faver
A, thrcee showed evidence of Mycopiasma

1 Docble infections occurred twice In group | ased ouce i grotp 5,

pasumoeniac infecon and two of chlamydial infae-
tiory, end one had obvious adult Still's disease (15)
with myopericarditis as 2 major SYTptom.

In three patients, at least fourfold rises were
detected in two antibody titers. One patient with

‘myoperieardisis had rises both i chlamydia and
in paratnflluenza titers and anather in Coxsackis

B4 and edencwvirus titers. One patient with short-
term ECG T wave inversions had simultaseous
increases (n antibodies 1gainst Mycoplasma pneu-
meniae and adenovirus.

One myopericarditis patient with typicai ¢linical
features of infectious mononuctzosis and a positive

Paul-Bupeell tesr {mononucicosis group, Table T)

had a concomltam rise [n antistreptoiysin titer 10
6400 U and a fourfild rse [ infivenza A antibodies.

The ECG changes sugzesting acute myocarditis
were pesent during the very first days after the
onsel of respiratory or gastrointestinal infections,
The changes were usually present alresdy in the
first ECG recorded, [n 749 of the cases {§4/114),
tar ECG was abnormal in the courss of the first
week of the disease; in 539 (50/114) the changes
Wwere evideat already during the three first days
(vaccinia patients excluded). No differences wers
objarved between the five groups.
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Table il. Clinical features of vaceinia myocarditis

EF = giection fra-‘tmn, STt = clevation of ST segment, T4 = faversion of T waves

Days ,E‘“G chang=s Re- , _

from - — wioed Cor-  Echocardiography

vag-  Car- Per- Y BErRY Pura- o] disc ~ ‘
Pal. cinse Jdiac  eardial zncb or Site tign Hearp  duty £5- EF a
g, tion pain  rub Spegallop  STT of T) {d.) sz (i) zymes (50} Site of svynerpy 2
o4 3 + ) + + Infapiz 39 N 120 N §4  Antergeptal :‘}
37 I X + ¢ + + An-iar &0 1 ok N 62 Icfesoseplal j
Enic + 0 & + Ant-lal 58 N 130 .. 42 Extensive m«tn«:x
219 a + = * fnf 12 N 3 . &6 Apical Y,
(22 12 9 0 g +  Infapic 5O kel 110 . & Anteroseptal I
24 N -+ - - + Agt-dar S 1 00 e G Antsroscpial 'E‘
W55+ - + +  Iafapic 30 1 200 =+ 58 Anerofaters] 3
126 9+ + + + Aprtlat 6% ) 3L - 33 'Knr.cm =
127 8 + 0 0 - infapic 30 N &0 v s 62
1‘3’;}5 13 - + - + Ant-lat a3 N o5 + 63
AW 2 + + ¢ o Infapic 19 N <0 N A3
02 2 9 Q 1 ¢ lofrapic % s 4D ) 71

* N=normel, T =enlerged. * N = nozzal, . = not done, + = modest risg; =< = marked rise.

?"ﬁt‘cfﬁfﬂ; myocurditis

Myccarditis was detected in 12 patients 8-14 days

{mean 10.8) after & smallpox vaccination without

any othet infectious agent being locriminated sero-

lag1m.lly Eighr of these 12 patients prescnisd with
other infectiovs symptoms, in the upper respiratory.

Tact {n=7) and the gastrotestinal tract (g = 1),

o ,a.nmssnou 3 thiiS
< i iy

l*-‘--s '%.. ?_; o

-

\mwm

4:;1 S

Fig. 4. Caze 124 A ear-old man dcvt;(:rp-d LIy operi-
sarditis 11 days after smalipox vacsination, He bad chear
pams percariul rub, palpable peradoxical cardiac pulsa.
ton, loud Sreallep and cardiac enlasgement. ECGs
showed chancteristic serdel ST-T changes of myopen-
carditis. Serum enzyme pattern was sbmilar to acetn
myecardial infarctlon. Echocardiography revesled ane
terasenta] akipesta, Adl abnormalities were. completely
normalized within i Cne year. .
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presesting with myepencarditis-type ECG c%angt.'u-
‘Clinical data on these patients are givenin Table !#

sagments were clevated in four myopericarding

but nose had signs of encephalitis or ecxema -.q??i
cinatum although the local vacciation rcatmy
Was u;un[l strong. Yaccinia V‘I[’us was the m\,
comman cliologic agent {10/34) in the p:smtf&'

a

Vaccinia myocarditis oflen started with seve
chest pains (Table 1I). Serum enzymes were xwd".f’é- ‘
during the frs: days of the dissase when the _K. ]

fF‘ig. 1. Durin-g the iatsr siav:e wi;ﬁ T wave ?
versions only, these enzymes were alwq}'s normag
In sp ‘¢ of the «::ﬁen dr;u‘"atlc onael :

a%r, inversion nt {!sc 1' Wa ‘e5 O"ﬂur[‘cd dur ity
exercise even after one year's follow-up. :

Mononrucleasis, mycoplusme and chlumydia
rryocurditiz k-
Myocarditis was asseciated with glandular fexg
in five (45) of the 126 patizpis; Mycoplasma prig

fourfuld incresse in antibodies against the cDy
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i vople 1L Clivical features of adenovirus myecardisls

o patieats with doutle Infections and ope patieat with mecrs excerciss-induced T wavs cranges excludeag
=N é‘r =zgetion fraction, 3TT = efevation of ST zegment, Tl = inversion of T waves

- ECG changes
: : — - Returned  Erhocardiography
Emysta  Car-  Ferie Asynergy . Durs- ‘ to fuli : s
oy pesiive  dlac cardinl  andlor Site tion Heart  dty EF  Siteof
Ao ECG pain b Segaliop STP of TR () sk (d) (%) agrnmsy
i Qﬁfdl;” m:;n}pj:ﬂ‘f(:"z".’r':
oy 2 fF 4 - +  Infapic 5 N &) %6 Agterior
s g & Q +  Infapic 80 N [#3) 4 Anterofaceral
8 2 b} ) ) Q Infapi= |5 N 63 59 Inferpseptul
R o 0 + 0 Infapic & N 50 43 Inferoapical
g 2 9 0 + 0 Infpic 7 N £ &7 fnferoseptal
gl o1 Yague Q. n 0 4] ANt 5 N a0 &2 Antzricr
¥ Arobadle myocorditiy
Mmool g 0 0 0w 10 A 20 7% Ioferior
) - 0 ) 0 Am 7 N 5 60  Upcermaln
e B o - 0 Inf 7 N 79 59 Astsrplsteral
B 7 g 0 + g Inf-zle ¥ T 10 ‘.. Uneartain
oIz & e 18 + 0 Aat h N 2] 9 Anterior
M 2 0 3 e 2 Inf b3 N 23 & Lew asterior
=1 Fepsikic myacardiis
g us ) 0 a “ ¢ Aar 3 N D) 43 0
it o 2 9 0 = ¢ Inf ] N 20 33 Uocertain
o3 ] ] g 9 Inf-apl= 1 N 10 moo9
4 71T Vague o a & 0 Aa 2 N

30 e ¢

*¥=nermal, = enlargsd.

mivement during these infections resembled that
d mund in association with vaceinia virus, clearcut
g Trepencarditis being the rypical preseatation.
§ *C0 changes were detected 4-11 days after the
f oot of infectlous menonucleosis, 2, 5 and & days
] er the onset of symptoms of scute myvoplasa
1 ?ffh“:iiun, and 2 ansl 6 days after chlamydia infee-
2 "o, The mean duration of ECG changes was 24
Y3 in the two chiamydia paticnts, The heart
e chlamydia patient, while pericardial friction
§ b was heard in two mycoplasma patients and
| M oth chlamydia patients,

03

‘ ﬁ‘l" - - -

“etckie BY myorurditiz
Ay kably, oaly two patients (29%) displayed
idence of an acute Coxsackie infection, dus 10
" f¥ndroms, ECG changes were present fram
; _f ¥=ond day of the infection in the patient with
1 bt AP PR e N 3w -

i ﬁf”‘étnm:dmﬁ*::v'p»: ST-T changes, while in the
:;:“‘ Patient with T wave lnversions thesc were
i o . - ; .

t Setcled yntil the seventh day of the discase,

| mydiz group antigen was delected in tvo, Heart jo-

when an ECG was recorded for the first time {the
initial ST segment elevation phase may have bee
missed). ECG changes Jasted for 19 and 35 days,
respectively. Both patiznts recoversd completely,
High stable tters of 256 or more against Caox-
sackie B wiruses weare established ip 6% of the

Meterminations among the myqcarditiv patients

(groups 1-d), and in 7% of the determinations
amoag the non-myocarditis paticats (groups 671,

Myocarditis caused by adenoviras

and influsnza

Tweaty-nine patients with adenovirus ot influenza
virus infactions usually had smuld, subelinical myo-
carditls. Clinically definite acute myopericarditis
with ECG changss present for arleast six we=Xks
was noted in four of the 29 patients. Myocarditis
was mainly detected only because of routine ECG

& f " - 4 3 »o. - B r - - N .
i l;‘ B““W‘;ﬂ: virss in both. Both patieots had a “flu-  screening of the mtecticns patiemt. For instapeés,
ko't

2l but one of the ning patients showing only short-
tzrm T wave inversions suggesting possible myo-
carditis Were patients with an acuts adenovirus or
infleenza virus infection (Tables T and (1. An
adenovirus infection was established in 19 myo-
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carditis pattents, excluding those with doubie nfec-
tions. Mone hed heart-type chest palns, ooly onc
nail radiological enlargemeant of the heant a;.,d only
two had gradual ECG ST segment or T wave
changes 1'1$tmg for roore than 10 days. Chinical and
ECG Hindings ia the 10 patients with [nflusnzs A or
B infections were Fuirly similar;

Myocarditis ussociated with streplococci
infection
Table [V gives the data on six patients with definite
(n=2) or peobable (# =4} streptococcal mygeardits.
Five patlenis had diagnostic changes in antistrep-
telysin O titers, One patient, moreover, had 2 pos-
itive throat culture for B-hemolytic Streptococcus.
Threa of the 14 patients with frequent ventricuiar
cxzra,sv;wh:s; developing in connéction with an
zeule infection, had had a recent streptococeal
mfcn.hcn and one patient had acutz right bundle
branch block and prolonged PQ time, In one pa-
tiset, myocarditls was detected when a paricardial
rab sppeéared eight days after the anset of -;Ln:p-
tococcal teosilitis, Two patients had apical systolic
murmors, tangient jn one aod per*z~s*er" m the

other, 5u53c5t1ng mitral regurgitation. Four of the

six patients with sireptococcal disease showed

ril,‘rgc:nert of the heart in an X-ray aken duting
follow-up. None of these paticats, who could po-
1entially have rneumatic fever, dLS‘Lﬂv@d any other
major sympioms of this disease, such as arthritis,

chores or erythema marginatm.

Mrocarditiy with another pasitive

microticlogical diagnasis

One myopericarditis patient had a fourfold rise in
both paraimfluenze and chlomydia antibody titers.
Thie clevation of mumps satibagy tters in a patient
with myocarditis and upper respiratory jnfection
was dut toa viccipation against mumps just before
the acute myocarditis episodz, leaving open =2
possible connection between the mumps vaccina-
ticn and myocardilis.

A 20-year-old man had characteristic clinical and
iaboratory features of edult Stll's disease (19),
Penicargial fnction rub 2ppeared afler the patient
had suffered for two days from a sore throst and
sevzre myalgia, and was present for oo2 moath,
ECA showed an ST-T pateern typical of myaperi-
carditis. The patient had for several weeks a hiph,
spiking fever which was rasistant (o sotibiotics
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Ccarditis were most: often subchnical, bcmfv detzctedy

and also, in the early phase, to prednisone. Ok,
Trawires wers the typical ras hv. prewmonitis, napay
dysfunction, leucocytosis of 20000 cellsimm?® g
an ESR of up to 122 mm/h. Extensive virol ngc.?ﬁ
and seroiogical studies were all negative. VirH
fsuletion was successful only once: adeno 7 vm&g
was cultured from stools,

DISCUSSION

In this report we have sought the etivlogy of m.{.—f '
myecarditis in 126 consecutive patients admitted 1,
the hospital duning a period of four yvears, An infe{l?"
tive agent was meriminated in 7% of the a:m{%
The cticlogy was viral in 47 cases, chlamydia infez]
tion was responsible in (wo cases apd uh“;apusnv:.,
pn. infection in three. Streptococelss was the cass!
tive agent in six petlients. Apart from the vaccinsd
and infectious mononuciecsis cases, the viral eb!
ology must bz considered probable on the basis {.g,
at least a 4-fold change in the entibody drers i
the paired serum samples; virus was isolated oo

once and no viral antigen was demonstrated #
tmmunofluorsscence or other immunclogical tech
ciques. The success rat was fairly high in th }
m ,epcncam-r.vs suagrm.p* ithe ctiology was &m._
lished in 65% of the cases. Myocarditis dusingg
vaceinia, mononucicosis, mycoptasma, chlamydiz

and Coxsackie B4 infections was asually clinics! us
clear-cut  myepericarditis, with serum ."I}Tl':ﬁ?
patterss d 'ria=' the early stags of ST segmant elavap|
tion simulating minor zcute m}o«cardzal mfa"cn-.:g
On the other hand, adznovirus and influsnza myss

i-‘,lw.:{-ﬁwmx_ﬁs

ix

T

o B B g gt

only becavse of serial ECG screening of patient
without cardfac symptams.
In earlier studies, figures for patients with @ poahm
tive L‘I*O]OEJC diagnosis have been: 2332 ("39?,
(3), 1860 (305¢) (11}, 22/45 (495€) (10), and & %
(53223 {9). A high percratage of positive diagnosts
was esiablisked in an elegant study by Esgle 2t 32
(20) concerning viral infection in the specific pos
pericardiotomy syndrome In childzen: 0% of thi]
patients had at least = fourfold rise in ar least o0
of eighi viruses {adenovirus, cyiomegalo, Cox:
sackie B 1-8).

changes suggesting viral myocarditis were detectsd
durmg the very firs: thice days of the grset of resgl
pitsiory or gastroiniestinal infectious symp mn“
This would suggest a direct virad imvolvement of thr

"1
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ratle IV Potients with presumptive ucute rhesmatic fe
,;r-m'z-s:rwscivs'n titer, BFucjccuun fraction, M= mural incompetence, STT = elevation of ST se

Etiology of mitd myvocerditis 7

ever corditis after jtreptococcal infection

Lyersion of T waves, VES w ventricolar r:xrmv:wlfz. ROUB ~ right bundle branch bleek

FI;:; . ECGE Sadings

mment, TL=

to Asyi-
pos- Car. Per-  aipy
ne Owe  dize cardial andior  Mur

Echocardiopraphy
Dera, Theoat -
tjon  Hearr cul-  AST EF Siteof

«. ECG pmin rub Sygallop mur 1d.) sigs®  turet {Ufmt) (%) asynergy

i 7 8 + + MI STy, inf- >0 % et S A i3 Amteroseptat
apic Tl

o 1] 5] + - ’mg:pm il 1 .. B0~} 55 Inferola ‘:r*aJ

s o+ 0 ¥ Ml VES -~ N & 3200 B1 Agterc

@50 0 ¢ - VES >t N~ 163200 70 Tiffuse

W oMo 0 + - VES i B + 2209 82 Antercsepal

@ g + - * AV Elock, a4 1 - Eob Ly 69 Diffuse

’RHBB '

8 5~ normal, t= enlueged ¥

beart tissue, instead of the immunopathogenatic
mechanisms more evident is ncure rheumarle fever.
serpeisingly, the most usual presumptive agent
{ saiminated i our series in definite myocardits
igoupt 1-2) was vaccinia virus. Every Finnigh
| conwaipt was vaccinated agamst smallpox at the
tegmning of his military service until the end of
{ (779, We detected 12 myacarditis cases associated
H wilh the sm‘.l[pux vaccination during a three-year
§ period, giving an incidence of about D000 wac-
taations. Oeccasional myocardial and pericardial
| complications have bean reported 1o occur 1-3
j ~ezks after 3 smallpox vaccination (21-24) 1, but
{ o-f one systematically studied series has heen
Fblished (237, Myocaedits aftar a vaceinia inecula-
a may be severe, apd aven fatal (21, 22).
| Thc mean interval between the [noculation of Lht
| Accinia virzs and the appeatance of the he
=volvemnent was 10.3 days. Viremiz oceurs 5- [3
S¥sadfter vaccination {25). This puints (o tha dm:m
'-m involvement of the hears lissue cven in cases
*vaccinia myocarditis. This assumption is further
‘ “zportzd by the isolation af vacciniz vires from the
} dranofa patien: whe succumbed 1o vaceiniz myo-
=ity (269, Virus bas a[s@ bt:crt cubtured from the
fovial fisid in arthritis, z rare corrphc tion of
§ "™Mpox vaccination (27). I* was typical of our
"“-“?lﬂ ‘& myocarditis patients that, after an oft
“RRatic anset with chestpain, a complete re::ove:}'
Hiekly took place following the fiest waek of the
«mw disease, as wlsa painted out by Bengtsson
:L* IZ3). Theugh vaccinia myopericarditis could
* um.u,allv conspiclous, anly miner heart ™irria.
“Tmay ocur as well. A recent praspective study

.= net dons, += positive, and — = pegutive for group A S-hemolytic Strapiocaccys,

showed minor ECG changes in eight (3% of 234
patienits vaccinatad agaiast smallpoy; mmm had

{t other sigas of heart invalverment, bowever [28).

Coxsackie B viruses have been the agents most
mrmw{m]y incrimineted fn viral myocarditia, Hosw-

'g\'En‘, tht,"} GHB[QSY was chserved In Gn}} 2-‘.-;: of

our patients, There are two obvious reasons For
this dlsr_rtparrc\" 1) Mo Coxsackie B epidemics
eccurred in Finland during the study peried, 1977-
1980. In contrast, during the widespread epidemic

of 1965, many patients were hospitalized becagse

of Ca::ta»kae myecarditis in Finland {3, 23 In two

-earkiar series, in wiich Coxsackie B viruses wera

incriminated as agents in 1S% (11) and in 445 (12}
of the cases, even stable high or falling liters of
the antibodies agalnst Coxsackie B were accepted
as proof of acute {nfection. In recent reports an
the possible role of thess virusss in acute myo-

curdial infarction, high trers (256 or more) were

camman beth in patients with myocardial infarction
{28%%) and in control patients {249 (20}, Although
Coxsackia viruses are known to be highly myo-
trophle (4), our results suggest that they play a
minar rale 33 an etiologic agent during periods
when Coxsackie epidemics are not evident, Virus
diagnostic laboratories had not estaklichad wide-
spread epidemics due to other enteroviruses in
Finlapd during the swdy period, so they were
hardly respousible far many casey in this series.
Adenovirus was the most comman agenc in. the
JEFL.,[DEICE; anakysis when all our patients are raken
in account. The study population of military troops
largely explains this. Adenovirus typicaily causes
continual epidemics among military persennel.
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Adenovirus was onc of the agents in two of three
dauble infections in this series. Tn our eaclier report
oo an influenza A epidemic in conscripts (7), we
fovnd a simultaneous rise in adenovirus titers in
7.3% of the influenzs patients. Thus, some of the
myocarditis cases with rising adenovirus antibody
titers may hzve had ancther unidentified infacrion,
perhaps responsitle for the heart involvement, the
adénovirus infection being coincidental. Mvo-
cardins during an adenovirus infection is usually
mild end subclinical. Tts diagnosis therefore de-
pends Jargely on ECG rr.turdfnf;..' during the first
days of rhe infection. The same i3 true of influsaza
A myecarditis {7).

Acute rheumntic fever is becoming rare and its

clinical pieture is changing (i14). On the basis of,

our ECG classification, two of our six patients
with evidence of & recent streplococcal infection
kxd definite and four probable myocarditis. If these
cases are eccepted as having had rheumatic fever,
the incidence will be about 0.4/10000 among Fin-
nish conseripts. During the study peried, no case
with the. classfc picture af rheumatic fever, with
both arthritis and cardmw came o our atteation.
The incidence of rheumatic fever in the Ficnish
defence forces was 53/i0000 in (945 and 310000
in 1563 {30), Six per cent of the definite or probable
myocarditis cases were associated with a Shemo-
lviic Streptococcus infection, while the. figure was
49 5% in o study undertaken by Bangisson and Lamo-
berger it 1950-55, [31).

The two chlamydia infections deserve some

comment. The complement fixation test utilizes a *

groop antizen common 1o all Chizmydiss, and i
s ot possible o distinguish between Chlamydia
psittaci 2nd C. trachomatls with this test. We have
iherefore called these infections simply ““chls-
mydial”. Evidence is accumulating that even C,
oachomatis is able 10 cause a wide range of ¢linical
conditions bcworkd the well known oculogenttai
ones; these are memiagoencephalitis (32), preu-
monits in children {33) and aduls (34), and ende-
carditis {353). Because the specific method for the
serodisgnosis of chlamydial infections {the micro-
fmmunollyiy Tescence test) was oot svailable to £,
it seemed wiser not to use the term ornithosis, ag
hzs bren done in some other studies.

The spectrum of Infectious agents recorded in
other =tudies has been muck the same as that in
the present study: Coxsackie B (8, 9, 11, 209, vac-

cimia (9, 10), manznuclcosns -11), Mycoplasma
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€10), ornithosis (10), adenovirus (11, 20j, infliey gy
A {8 1), mumps (8, 1) and Slrzptc«:mcu; [_‘.~
13, 11). The relative rele of each agent varies 3
study 1o suudy, obvicusly depending on the u,
of sampling, the study popalation, and the djp%
nostic methods and criteria. The pattzrn of il
etiologic agents in myoccarditis evidenty reflecy
the overzll profile of wiruses snd other imfect, i)
agenis in thar p:srth,u»lar study pogputation ar [r;\.‘:‘:
particular time. However, the above  mentions ;..:
sgents are repeatedly being linked with heart 3%
vorvemant. Thus they must be considered capcm#z
ly cardioirophic.
Qur series dozs not include any patient M i
severe myocardilis causing intraciable conpe nm;
heart failure and showing marked hisiological
flammalory changes {11, 36). Infectious =tiology

e

this presentation of acute myocarditls has mule '

remained enfgmatic (11, 36) it
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