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AAbstract.

Fourteen of 3.754 U.S. Marines who participated in a joint United States-
Republic of Korea training exercise during the autumn of 1986 developed hemorrhagic

fever with renal syndrome (HFRS). Clinical and laboratory findings among cases included
fever. headache, fatigue. gastrointestinal dysfunction. thrombocytopenia. and proteinuria.
Ten individuals were hospitalized: 2 died. No subclinical infections were identified through
a post-deployment screcn of sera obtained from 2.053 exercise participants. Analysis of
questionnaires identified no environmental. occupational. or temporal factors as risks for
developing disease. However., 13 of the 14 cases occurred among individuals housed at |
of the 2 base camps used during the exercise. This outbreak represents the largest cluster
of HFRS cases among U.S. personnel in the Republic of Korea since the Korean conflict.

Hemorrhagic fever with renal syndrome
(HFRS) 1s a rodent-borne zoonosis endemic
across much of Europe and Asia that is respon-
sible for considerable human morbidity and
mortality.’ © A spectrum of c¢linical severity 1s
recognized with HFRS, ranging from asympto-
matic or mild infection to fulminant hemor-
rhagic fever and death. The etiologic agents are
a group of at least £ antigenically distinguishable
viruses comprising the HHantavirus genus of the
large virus family Bunyaviridac.’ These viruses
establish chronic infections in certain species of
rodents and are transmitted to man primarily
via aerosols or fomites from contaminated ex-
creta.® Geographic (and. to a large degree. clin-
1wcal) varation is determined by the distribution
ofthe rodent specics associated with each distinct
virus.'*

HFRS was initially recognized in the Republic
of Korea (ROK) during the Korean conflict. when
>3.000 cases occurred in United Nations forces.”
In recent years, 500-800 cases have been sero-
logically confirmed annually among civilian and
military populations of the ROK.” Relatively few
cases have been seen winong U.S. military forces
in the ROK each vear, despite personnel being
stationed or training in rural high-risk areas of
the country.’

From October 10 December 1986, 14 cases of
HFRS were identified among a 3.754-person
contingent of U.S. Marines who participated in
an annual tratming exercise tn the ROK. This

outbreak 1s the largest clustering of HFRS cases
reported among ULS, personnel since the Korcan
conflict. We report an epidemiological myesti-
gation.

MATERIALS AND METHODS
Background

Joimt ROK-U.S. military training exercises
have been conducted annually during the tall in
a region of the ROK immediately South of the
demilitarized zone (DMZ) (Fig. 1). Although
troops from a variety of locations in the Far East
participate in these maneuvers. the principal U S,
military component comes from Navy Marine
Corps units stationed in Okinawa. Japan. In 1986,
exercises were conducted from 7 September
through 135 November.

Training areas were widely scattered during
the 1986 excreises. but ground operations from
early October onward were concentrated in arcas
to the North and East of Scoul. near the rural
village of Uncheon (Fig. 1). Base camps tfor 3.074
of the 3.754 Navy/Marine Corps personnel par-
ticipating in the mancuvers were established 1n
the Uncheon arca. Most of the torce (1.969 of
the 3.074) were quartered at Base Camp 1. a
campsite located within the perimeter of a per-
mancnt ROK Army post and used each vear for
this cxercise. A similar camp. Basec Camp 2. ~2
km to the Northwest. housed 1,105 individuals.
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renal syndrome (shaded arca), Republic of Korea. Dis-
case is recognized throughout mainland Korea, but most
cases are reported {from the shaded area.

The remaining 680 troops encamped at various
locations distant from the Uncheon area.

The site for Base Camp 1 was a relatively
cleared field containing low grasses. shrubs. and
a tew trees bordering a small stream. A wire fence
surrounded the area. and agricultural fields (rice
and peanuts) with homes were located nearby.
Basc Camp 2 was located in an arca of similar
topography. but had been used in previous years
as a pistol range rather than a housing arca. The
perimeters of both campsites were overgrown
with high grasses, weeds. and shrubs.

Housing facilitics were similar in both basc
camps. Most personnel lived in groups of =6 in
large. multi-purpose tents. During most of the
exercise period, tents were floored with plywood

sheets raised 3-6 in. above ground. Reports of

rodent noises (and sightings) were frequent. de-
spitc ongoing control measures such as poisoning
and trapping.

HFRS had not been recognized in association
with this exercise previously. Training activitics
during the 1986 exercises were similar to those
in previous years, although operations began
about 1 month carlier than usual. The autumn
of 1986 was relatively mild in the ROK: overall
climatic conditions were dry and dusty until car-
Iy November. when it began to rain and turn
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cold. There was no other unusual disease activity
noted during the exercise.

Serological and epidenuological screening

An IgM capture enzyme immunoassay (EIA)
system specific for hantaviruses was used. The
assay is a modification of published methods. in
which an anti-Hantaan virus rabbit serum fol-
lowed by an anti-rabbit conjugate is used in place
of a directly conjugated antiviral antibody (T.
Ksiazek and others. personal communication).™”
For screening in the field. EIA titers >1:3.000
were considered positive. All sera were subse-
quently rc-analvred by F1A 2t USANIKIID un-
der controlled conditions and confirmed b
plaque-reduction neutralization (PRN) testing.!
“Cases’™ were defined as individuals with IgM
ElA antibody > 1:3.000 and PRN antibody »I:
20.

A 2 page epidemiological questionnaire was
administered by study investigators or designecs
concurrent with blood collection. In addition to
demographic and unit-identifier information.
data about occupational duties. actuivities during
and after work hours. duration of housing and
work during the exercise period. possible envi-
ronmental exposures. and clinical svmptoms were
sought. At the conclusion of the investigation.
questionnaires were returned to a central loca-
tion and the responses coded for subsequent data
analysis.

During the early days of the investigation. units
were chosen for screening based upon the pres-
ence of a suspected or confirmed HFRS case.
However, as the investigation progressed and ad-
ditional cases were identified. a decision was made
to attempt as comprehensive a screening cffort
as possible. Consequently. all units participating
in the exercise were contacted. and arrangements
were made for interviews and bleeding.

Statistical analvsis

Data were analyzed using procedures available
on Statistical Analysis System (SAS Institute.
Cary, NC) software. Discrete variables were
compared either by x° test with Yate's correction
or by Fisher’s cxact test (2-tailed).
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FicURE 2. Cases of hemorrhagic fever with renal syndrome among ULS. Marines by date of ssmptom onset

and exercise schedule.

RESULTS
The outhreak

On | November. a 19-vear-old Marine devel-
oped a tebrile illness which progressed over the
ensuing 3 days to include cutancous hemorrhage.
renal failure, and hypovolemic shock. He was
hospitalized in Scoul where a diagnosis of HFRS
was made. He died within 24 hr. A second Ma-
rine involved in the exercise who became il about
the same time was evacuated to Hawaii, where
the diagnosis of HFRS was confirmed. Over the
next 1Y: months, another 8 Marines became 1l
and were hospitahized with the discasc (Fig. 2).
One developed symptoms en route to Okinawa
at the conclusion of the mancuvers. while the
remainder became il on Okinawa following the
deployment: onc of these individuals died. Four
additional cases were identified retrospectively
as a result of scrological screening conducted on
Okinawa (Fig. 2). All cases occurred in individ-
uals who had been quartered in the Uncheon
arca.

Clinical investigation

We were able to identify 14 cases o HFRS
associated with the exercise. All were symptom-
atic. Two individuals died. All hospitalized pa-

tients had fever. fatigue. and nausea vomiting: 9
had headache and conjunctival injection while
¥ had myalgia and diarrhea (Table 13 Throm-
bocvtopenia. proteinuria. and hematuria were
present in all patients examined (Table 2). In the
2 patients that died. hypovolemic shock, hem-
orrhage. renal failure. and pulmonary edema with
respiratory failure occurred.

Among non-hospitalized cases. rever, tatigue.
headache. and gastrointestinal dyvsfunction were
universal (Table 1). No clinical laboratory stud-
1cs were performed on non-hospitalized cases.

Epidemiological investigation

On 8 December 1986. a post-exercise epide-
miological investigation and scrum screen of ex-
ercise participants was initiated. All of the sol-
diers tested for antibodies to hantaviruses
completed the questionnaire within 2 months of
their return from the ROK. We were able 1o
study 2,053 of the 3.754 (54.6%) participants in
the exercise. Among the 3.074 encamped in the
Uncheon arca. 1.985 (64.6%) were screened.
Thirteen units were distributed between the 2
Uncheon area camps: screening coverage ranged
from 33% to 100% by unit (data not shown).

Most of the exercise participants were <23
years of age (74.7%). white (70.7%). and innior
enhisted personnc! (78.2% at a grade of corporal

|
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TABLE |
Clinical findings among 14 U.S. Maerines with HFRS
Age Conjunctival Nausea
Patient {years) Race Fever Fatigue Myalgras Headache mnjectton Lemiting IDiarthea Prlechiae
Hospitalized cases

1* 19 Hispanic - + + -

2 23 Black - - - - -

3 20 Black -~ + - . - .

4* 35 White + + + + -

5 19 White - + - - . .

6 22 White - - - - - -
7 31 White - - + - - -
8 20 White - . + - - -
9 24 White - ~ - + -~
10 44 White - - - - - -

Non-hospitalized cases

A 20 White - ‘ + = -

B 19 White - - - -

C 19 White -~ *+ + - -

D 21 White - - - -

* Exprred.

or below). Comparison of cases and controls re-
vealed no significant differences by x° test for
"these parameters (data not shown). All casecs oc-
curred in males. Although an accurate sex dis-
tribution of exercise participants was not ob-
tained via the questionnaires. there were very
few females involved in the exercise. Distribu-
tion of personnel by job description was not de-
termined.

The overall atiack rate for HFRS was 4.6:1.000
among all soldiers deployed in the Uncheon arca
(14:3.074) and 7/1.000 among thosc screened
(14.1,985) (Table 3). Cases derived from several
different units. but 13 of the 14 were among the
1.969 individuals housed at Basc Camp 1. One
case occurred among the 1,105 persons quartered
at Base Camp 2 (rate ratio = 7.3: 95% confidence
interval = 0.96-35.7). Six of the 14 cases. in-
cluding the 2 who died. occurred in Marines from
a single engineering unit of 1 18 men and women
(Unit A, Table 3). The attack rate for this unit
was 50.8/1,000. All of the affected individuals
in this unit were assigned to 2 of the 3 company
platoons (attack rates = 54,/1.000 and 94/1.000).
Five different occupational specialties were rep-
resented among the 6 individuals affecled. and
there was no temporal clustering of cases from
this unit. Heavy construction and demolition re-
sponsibilities, activitics which might be consid-
cred higher risk for exposure to rodent-borne dic-
casces. were determined to be more trequent 1n
the unaffected platoon than in the 2 in which

cases occurred. However. the entire company had
been involved in campsite preparation activities
such as grading. carth moving. and water purn-
fication.

Several types of environmental exposure were
examined to ascertain whether acquisinon of dis-
ease correlated with any particular activity,
Questions concerning rodents. inscects. water.
dust. and participation in field portions of the
exercise targeted likely possibilities for at-risk
behaviors. As can be scen in Table 4. no envi-
ronmental exposure correlated formally with dis-
easc acquisition. However, at Icast 10 of the cases
lived in arecas adjacent to scrub brush or rela-
tively uncleared zones. such as were seen around
the edges of the base camps. Unfortunately. no
denominator data cxist for analysis of this po-
tential risk factor.

DISCUSSION

During the Korean conflict of 1950-1953. the
disease known as epidemic or Korean hemor-
rhagic fever made its appearance among United
Nations forces when the previously fluid hostil-
itice hogged down during the spring of 1951 in
arcas surrounding the 38th paraiici.!” Tiis region
has since been the source of hundreds of HFRS
cases among ROK soldiers and civihans each
vear. For reasons which are net uudcistood 108
military personnel. present in substantial num-
bers in many of these same locations. tradition-
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TABLE 3
L L v Attack rares rcases 10001 for HEFRS outhreak among
L LY ¥ > » 2K
§§ § 5 PR § & LS. Marines in the ROK
£ ‘§$:V$!’,38‘§§ o P
HEERE ST e L o oA
EE|lomt RS o ses coloy
E£ | Q (o]
z zz Overall 14 3.074% 4.6
By location of quarters
> % Base camp | 13 1.969 6.67%
[ I Base camp 2 1 1.105 0.9
sz|sIcToeeceT
ER . i
FE|RFF o+ o+ By unit
E gy TTITAaTS A 6 118 50.8
L= B 3 655 4.0
C 2 317 39
- = D 1 79 12.6
z 12 3 E ! 34 3.2
“ ) o -
% ( 2§ £ 3 1 163 6.]
= H S22 5552sS * Attack rate 1000
o~ ERI T T e + Total quartered m 1Uncheon area
= ol e ~ v ™~ $RR - 73 ve Camp 2(93% C1 = H9p=33 7
By = égl\Oﬁlth—rlO " T )
<
=] . -
5 = ally have experienced few (generalty < 10) doc-
= et 2 umented HFRS infections annually. Those cases
- = = . . .
A E'é s = reported usually are widely distributed geograph-
S 128|208 o~ ' i
< [fE{¥Tczcezecs ically and temporally. The current HFRS out-
g " c';n B:g ;: &8 E f 5 § break thus afforded an opportunity to examine
~] -~ —_—— N O, = R R R . . .
w S environmental and epidemiological features of
= R ) . - ]
2 s | 5|l 5. e thisaffliction among a number of American cases
T lZE|TzzTeeeTT occurring over a short interval.
= ZE M TOO T OO A . . . R
o |FElegsaShicaimndm We identified 14 HFRS cases associated with
S S| Men = e = - . s : - ;
3 this military exercise. 10 of whom were hospi-
3 = = talized. Although 4 cases were recognized ret-
: 2 : .
g £ E 3 . rospectively. all had been ifl: no asvmptomatic
= = g g 3 . . - .
] = ~ £ = £ infections were tound among 2.039 persons
= ER I T - = 1 . . . .
't:; (T Ton3ouen 3 £ screened serologically. Mild illness is reported o
g “lERRaRES2ES b occur in Far Eastern HFRS "~ However. the pres-
g El ent survey suggests that tru:y asy mptomatic in-
< 2585252252 z fection may be an infrequent event. at least in
-~ I2T2ITTITZECC Z o - . . T ;
SEmERcuTaxs 5 the L.Oljl[(,\{of exposure occurring in ”’f h‘( Id.
fonmemnweg ? Clinical indings in the 14 cases of HFRS were
) .
= similar to those previously described. ' Although
i S PPN £ the 2 patients who died sustained severe renal
2t gt —~0wen oo e .. .. T
BT INIZIIa TS 3 failure and shock. the remaining individuals de-
p S . . . Y . g . . . . . L
Flaggggrie e~ 2 veloped relatively mild iliness requiring close
wmelel _—— Lol 3 - . . .
3 monitoring but not intensive supportive care.
b . . . . .
i:: E B ¢ Consistenit wiih provious observations. these in-
T — F N P — O O] — £ .. .. . _ L,
ES 3*:~;;v;:; £ dividuals failed to exhibit the 5 phases of discase
2 ggorsrsyrss | 2 progression {fcbrile, hypotensive. oliguric. di-
e . - - - 2 . — c . . . -
= 232 2 uretic. and convalescent) characteristic of se-
) LEEE2 verely ill individuals.™-'4
. ¥ T2ES . . .
il fAMTNOr0TOITosx? We were able 10 evaluate potential risk tactors
T for acauisition af TTRS in > 50% of the partic

ipants in the military cxercise. There were no
apparentdemographic factors predisposing to in-
fection, and common cnvironmentallyv-interac-
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TABLE 4
Environmental exposures

Cases Contrals Totsl O value®
Rodents Rodents seen
A lot 0 17 47
Some 4 883 889 - 0779
None 7 1,121 1.128 Po-0677
Rodents touched/handled
Yes 0 66 66 o= 0727
No It 1.958 1.969 P=02394
Insects Insects seen
A lot 3 150 153
Some 4 895 899 x = 4.024
None 4 1.011 1.015 pP=0.134
Insect tick bites
A lot 0 7 7
Some I 414 415 = 1106
None 10 1.619 1.629 = (.57s
Water Swimming bathing wading
Yes 2 371 373
No 9 1.685 1.694 pP= 1+
Dust A lot 7 801 808
Medium 3 663 660 Voo 3.992:
Little i 484 485 =027
None V] 106 106
Field Participation in ficld portions of the exercise
Yes 4 1.265 1.269
Field —no. 6 741 747 o= 2307
Garrison — ves P=07316
Other combination 0 14 14
* Eapected counts - 3 qn - 25% af cells i 7 tables, bkelthood ratio 17 test used.

t Fisher’s exact test 2-ankedy
T x* for trend (Mantel-Haengel) = 22254 - 0073

tive activities or exposures were not identified.
Despite a clustering of 6/14 cases in a single com-
pany of combat engincers. neither job-related nor
recreational activities were shared by cases. Nu-
merous rodent sightings were reported during the
excrcise, although it is unclear whether these ob-
servations represented INCreases Over previous
vears. However, the occurrence of the exercises
earlier in the year than usual, together with the
relatively mild weather present during its ecarly
wecks, may well have affected rodent popula-
tions during this period. Most HFRS patients
lived in tents located along topographical bound-
arics while in the base camps. arcas where field-
dwelling rodents would be expected to thrive.
Onset of illness in HFRS ranged over a 50-day
interval. This fact, 1ogether with the highly vari-
able incubation period for HFRS (reported range.
4-42 days) and the amount and varicty of activ-

1ty in which soldiers were cngaged both inside
and outside the base camp areas makes pinpoint-
ing exposures tn time or place during this out-
break difficuit.” However. the occu' et « of 13
14 cases among Marines housed at | ot the 2
base camps suggests strongly that this arca was
in some way involved in disease acquisition.
Infection of humans with Hanraviruses occurs
generally as a consequence of intrusion into ¢co-
systems occupied by reservoir rodents. Corre-
lations between HFRS case numbers and sniail
rodent populations have been confirmed repeat-
edly across Furasia.'*'“'* It is probable, how-
ever, that Hantavirus infections are not distrib-
uted evenly among rodent populations, even in
hyperendemic areas. a concept expressed as “fo-
cal midality of discasc™ by Sovict scientists.!® A
practical expression of this phenomenon may well
rest in the numerous observations of smatl toci
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of HFRS occurring in the midst of otherwise
unaffected larger groups.'*'  Sporadic outbreaks
bearing a striking resemblance to the current case
cluster were well documented during the Korean
conflict.'®

Two clinically similar but virologically and ep-
idemiologically distinct forms of human HFRS
currently are recognized in the Far East. In gen-
eral. discase acquired in rural arcas is highly sca-
sonal, with most cases occurring in autumn and
early winter. This type of HFRS has been linked
virologically io Hantaan virus. and occurs as a
consequence of exposure to its predominant ro-
dent host, Apodemus agrarins.'™ A more urban
or peridomestic form of HFRS occurs in the ROK
as well: 1t 1s less seasonal in occurrence and may
cause a somewhat milder clinical syndrome. This
latter illness. caused by Seoul virus. is acquired
following exposure to its rodent host. Ratrus rat-
tus or R. norvegicus.'® Clinical, environmental.
and epidemiological features of the current out-
break sharc clements with both virus/disease
types. Additional virological and ecological in-
vestigations are ongoing in an attempt to further
delineate the precise ctiology.

Diagnosis of HFRS depends upon demonstra-
tion of specific anti-hantaviral antibodics in se-
rum of infected individuals. The most widely
used technique for detecting these antibodies is
the indirect immunofluorescence assay (IFA).
which'vields positive results within a week fol-
lowing disease onset in most persons.! In the
present study. we utilized an IgM-capturc EIA
for screening (and. coincidentally. for diagnosis)
of HFRS. This assay has been cvaluated under
controlled conditions in Chinese HFRS patients
(MceganJ. LeDuc ). Zheng ZM. Xiao S. Lee HW,
Huggins J. Rapid diagnosis of HFRS using en-
zyme-linked immunosorbent assays. Interna-
tional Symposium on HFRS. 30 October-2 No-
vember 1988. Wuhan. People’s Republic of
China), while similar tests have demonstrated
their utility for diagnosing discase in the USSR
and Scandinavia.'"*"
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