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NAVY DEPARTMENT,
Washington, February 24, 1880,

SIR: Report to Chief Bureau of Medicine and Surgery im-
mediately, for duty as president of a board, to make a sanitary
inspection of the United States steamer Plymouth, at Ports-
mouth, N. H., and you will proceed to the navy-yard at that
place, and report to Commodore Beanmont for the duty as-
signed.

Naval Constructor T. D. Wilson and Surgeon J. H. Kidder,
will be associated with you on this duty. Detailed instructions
will be furnished you by the Chief of Bureau of Medicine and
Surgery, to whom you will make your report.

After completing this serviee, return to Washington, D. C.,
and resume your present duties,

Very respectfully,
R. W, THOMPSON,
Secretary of the Navy.

Medical Inspector R. C. DEAN, U. 5. N,,
Washington, D. C.






BUREAU OF MEDICINE AND SURGERY,
NAVY DEPARTMENT,
Washington, D. €., February 25, 1880,

SIR: After reporting to Commodore Beaumont for the duty
to which you have been assigned, you are instructed to make
an examination of the Plymounth with the view of determining
what sanitary measures may be necessary to place her in a con-
dition to receive a erew on board with safety, and perform the
usnal service of a eruising ship at sea.

In eondueting this investigation, which is expected to be ex-
act and complete, you will endeavor to make a personal inspec-
tion of every part of the ship’s interior. If, in the course of the
examination, it may be necessary to raise any portion of the
inner planking, or the floor of any magazine or store-room, or
remove any other obstructions which may conceal aceumula-
tions of impurities or materials affording lodgment for infection,
you will apply to the ecommandant of the navy-yard for such
facilities as may be needed for the purpose.

You will report at once to this Bureau the sanitary condition
in which you find the Plymouth, with your recommendation as
to the best method, under the circumstances, of thoronghly dis-
infecting and purifying her, so as to remove all danger of future
sickness from causes now within the ship, if any such exist.

In eonnection with this duty the Bureau desires that yon will
extend your investigation so as to collect all the information
obtainable in regard to the recent occurrence of yellow fever on
board the Plymonth, and especially to ascertain, as far as prae-
ticable, whether the second appearance of the disease in March,
1879, was due to the continued action of the original infection,
supposed to have been received in November, 1878,

You will also inguire minutely into all the circumstances at-
tending the exposure of the ship and her stores, c¢lothing, coal,
and other contents, to a freezing temperature at the navy-yard,
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Boston, during the interval between the two occasions on which
the disease was developed on board.

After making yourself acquainted with all the points involved
in this important question, you will, at your earliest conven-
ience, present to this Burean the final report, in exfenso, of the
board of which yon are president, which shall include all the
details which may come to your knowledge, and be accom-
panied by a sanitary history of the Plymonth, from the time of
her construction, and any illustrations or specimens necessary
to eluneidate the subject under consideration,

Very respectfully,
PHILIP 5. WALES,

Surgeon-General, U. 8. N.
To Medical Inspector R. C. DEAN, U. 8. N,
Washington, D. C., President of Sanitary Board.

WasHINGTON, D, C., May 20, 1880,

SIR: In compliance with the instructions of the Burean,
dated February 25, 18580, we have the honor to transmit here-
with the final report of the board appointed to investigate the
causes of the ocenrrence of vellow fever on the U. S. steamer
Plymouth during that part of her last eruise embraced between ~
November, 1878, and March, 1879.

The board has endeavored to carry out as completely as pos-
sible the views of the Burean, and, nnder instructions received,
has extended its investigations to all matters connected with
the disease in question.

Very respectfully,
RICHARD C. DEAN,
Medical Inspector, J. 8. N.
THEODORE D. WILSON,
Naval Constructor, U. S. N.
J. H. KIDDER,
Surgeon, U. 8. N.
Surgeon-General PHILIP 8, WALES, U, 8, N,
Clief of the Bureaw of Medicine
and Surgery, Navy Departient.
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YELLOW FEVER IN U. 8. STEAMER PLYMOUTH.

The recurrence of specific yellow fever on the Plymouth while
at sea, in the month of March in a temperate latitude, the ship
having just sailed from Boston after exposure to the eold of a
rigorous northern winter, and not having touched at any other
port or enconntered any new source of infection, presents a sub-
jeet well deserving of particular inguiry.

At this time when research into the nature of yellow fever
has been so greatly stimulated by its recent ravages, it will
doubtless be of interest to ascertain the reason for this persist-
ence of the infection and to detect the place of concealment of
the poison in the ship, as well as to investigate the circum-
stances which favored its resistance to agents usually relied on
to destroy it, and its subsequent development into renewed ac-
tivity.

But it is also believed that a careful study of the events which
oceurred on the Plymouth may lead to general conclusions of
the highest value in naval sanitation, and may yield instruction
as to the means of protecting our ships of war from similar dis-
aster in the future, which is the true practical purpose of this
report.

A review of the character of the previous diseases on the ship
and of her exposure at various times in infected localities is a
necessary preliminary to a thorough understanding of the mat-
ter to be considered, and the first part of our report will be
devoted to this subject.

The serew corvette Kenosha, afterwards named the Plymouth
(second rate, 12 guns, 1,122 tons, 2,400 tons displacement), was
built at the navy-yard, New York, launched at midsummer,
1568, and reported as completed in February, 1869,

Her frames were of live oak and white oak, in the proportion
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of 15,079 cubic feet of the former to 18,000 of the latter, and
in her whole structure 78,028 cubic feet of white oak were
used.

She is what is coonmonly called a single-decked ship, and is
described as “ having always been a comfortable vessel for the
crew, with more than usual berthing room, and with sweet and
accessible bilges ; altogether, a partienlarly clean ship.” The
total air space of her berth-deck is 54,304 cubic feet, and her
average ship’s company 193 men. " Deducting ten cubie feet for
each man and his hammock, we have an average air space per
man of 187.3 cubie feet.

The Plymouth was commissioned on the 20th of January,
1869, before completion, and on the 25th of Febrnary following
sailed from New York for the European station, bearing the
pennant of Commodore W. H. Macomb. Aftera year's absence
in Europe she returned to the United States, bringing the
remains of Mr. George Peabody, and arrived at Portland, Me.,
on the 7th of February, 1570,

On the 12th of July she sailed again from New York,
after undergoing extensive repairs, for Lisbon and the Euro-
pean station, where she continued cruising for three years, At
the end of this time she returned once more to the United
States, touching at the island of Fernando Po, in the Gulf of
Guinea, in March, 1873 ; at St. Paul de Loando, on the west
coast of Afriea, in April, and at Barbadoes, in the West Indies.
She was put out of commission in June, 15873, at Portsmouth,
N. H.

During the whole of this long cruise of three years and a
halt' there was no epidemic of disease on board the Plymouth.
Remittent and intermittent fevers appear in every quarterly
report of sick, but not in any great proportion.

‘While the ship remained at Portsmouth, N. H., she was sur-
veyed by a board consisting of Commander C. C. Carpenter,
Naval Constructor T. E. Webb, Carpenter A, O, Goodsoe, and
Foreman Shipwright Wm. ¥. Noyes. This board reported, on
the 14th of July, 1873, that a few of the frame timbers above
the water-line showed signs of deeay, and that decay had also
appeared on the outside planking above the copper under the
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fore chains and between the main and mizzen chains. In the
opinion of the board all the frames were at that time sufficiently
good to last another cruise.

In accordance with the recommendations of the board of sur-
vey the ship was repaired between July, 1873, and Oectober,
1874, to the extent of $77,928.37. These repairs included the
replawmvut of the decayed outer planking, supplying new
decks in part, and several new hanging knees upon the berth-
deck, these parts proving to be already extensively decayed.

On the 12th of Oectober, 1874, the Plymouth was recommis-
sioned at Norfolk, Va., under the command of Capt. John H.
Russell. Her medical officers were Surgeon Somerset Robinson
and Assistant Surgeon D. O. Lewis. During this erunise the
vessel was stationed almost continuously in the Gulf of Mexico
and the West Indies. A summary of her changes of station
and of incidents that appear to throw light on the objects of
this inquiry, including a note of the cases of malarious diseases
reported upon the medical returns of the vessel, is here pre-
sented.

Maonth, | Stations and sanitary history. Cases of malarial diseases. | No.
Lowh o} o I et AT e R ot
1874, |
October .....| 12th, commissioned at Norfolk, Va ... ..
November . ..| Norfolk and New YOTK voveeevnnecven aenns Eﬂﬁgcﬁﬂfﬂnh"u“ﬂmwr L } 1
December ...\ . ... e R e e e e S U e ¥
1375.
Januoary ..... Sat By et s - oo ol { e s e s
e R e
4th, one case entered as ||
* febris flava™ appears | |
April . ....... E',ey Westand Sand Key .- ... ..o _..oo... from history to have I:
e Eﬂ} West and West India Izslands. . & been simple coatinoed | » 5
June - T e e Y T Tl L S s 0 LUV I fever ; four cases con-
tinued fever ; recover- I
ies. J

1L S o .
} Key Weat, Gulf of Mexico, and Norfolk .. ! three intermittent

Three continned fever ; l-

Septem or fever ; recoveries; one

{ l remittent transferred. | )
Oetober .. i Two continued fever ;
November . E T L i e i i e § three intermittent ; re- 2 3
December. . COVeTies,

1876, |

pe e T T ] One comttiied soven i g
oy oo Tl I TR e e e e e SRR
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December. .

1577.
January .
Fﬂhmary
March......

Diecember. _.

1878,
January
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September. ..
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December. ...
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Stations and sanitary history.

| Hayti, 5t. Domiongo, Jamaica, and Port
|  Royal 5.C. (June5.)

Port Royal and northern ports

............

Philadelphia, Norfolk, and Eey West.

|
|
| {December 30.)
|
{

Pensacola, New Orleans, and neighboring
POrTS,

.| Assistant Burgeon Lewis relieved by As-

gistant Surgeon W, A. MeClarg.

New Orleans, Missigsippi River, and Mex.
g0,

Agsistant Surgeon A. C. Heffernan reported

Port Royal, 8 C., Norfolk, Washington,

July 23,
| B New Yorlk

--------------------------------

.| 8urgeon REobinson relieved by Surgeon E.

8. Matthews. Assistant Surgeon J. C.
Eyrnes reported.

Morfolk. . oo e
g eses

B

e e FEEEmEEEEmE rmE P

Plata, 14th; Aspinwall, 20th ; Sea, 27th.

Havana, 9th ; Key Weat, 13th; Port Royal,
20th ; Norfolk, 27th.

------------------------------------

Foerto Plata, 20th.... ....... -

Bamana Bay, 1at; St 'Dnmmgn, ﬂd,
4th; Kingston, Jamaica, Sth: Sea, lﬂ'ﬁh
Brazos, Mexico, Mth; Sea, ﬂﬁtl: l'-"vam
cola, 20th ; Sea, 12th; New York, 224

..i Surgeon Matthews detached 23d and re-

lieved by Surgeon T. Woolverton, Jaly 2.

New York ...... e s
L e e e e
Sen 2ith ; Portland, Me. 20th .. __..__._ ...
Portland, Portamouth, Sea, 6th; Santa
Cruz, 20th ; St. Thomas, 224 ; Santa Craz,

Hith.

Santa Cruz to Tth; Norfolk, 19th to 24th ;
Martha's Vineyard, %6th ; Provincetown,
28th to A0th.

| Portamouth, Boston, December 17 . ..

St. Thomas, 4th: San Juan, 11th: Puerto

--]

8. STEAMER PLYMOUTH.

——e e

Cases of malarial diseases.

-

No.

|

Two continned fever ;
three intermittent
fever; recoveries; ong
remittent transterred.

Three continued fever;
ons intermittent fever ;
recoveries,

%
;

One intermittent fever;
recovered

Two continued fever; re-
COVEries.

One remittent fever; re-
COVETY.

One intermittent

.........

s i, e P S—

[ December 14, one case
fever nature nnknown,
uﬁnt— ashore at St. Do-
mingo; December 24,

one **Chagres fever " :
December 27, two
“ Chagres fever "; Ie-
cembae rfEEr, two
“Chagres fever': in
all, seven a
fever,” recoveriea,
and two doabtful trans-
ferred ; (two febris an-
terica.)

Five intermittent faver;
ong  continned fwar,
TRCOVEries,

j

l Three continued fever;
¢ twointermittent fever;
| recoveries.

J

Two continned faver ;
twointermittent fever ;
recOvaries.

Seven yellow fever; three
continued fever; : one
intermittent : threa

cleatlla eight recover-
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|
Stations and sanitary history. Cascs of malarial diseases. | No.

Month. !
T A A e e e — | =
1879, |
JAnnATY . . ... | Boston, freezing and disinfecting ahip ...
Febrnary ... | Boston. ...

e e S sontinued fever; one
Mareh ....... Boston to 16th: Bermuda, 26th to 25th: feaiy - et |
| SHea, en ronte to Toited States. J intermittent fever.

Two yellow fever; one |E
2

April ........ | Sea to Vineyard Sound and Provincetown, |......oveivemniinrinniinana.|
! Gth : Portamonth, Tth.
May .........| Potiont of commisaion, 1TEh. .oc e aec o e e e ea [

*Besides nine yellow fever.

A few cases of malarial disease are reported every quarter,
whatever the season of the year or climate in which the Plym-
outh was eruising, from which it is to be inferred that during
this period the ship presented within herself conditions favor-
able to the development of affections of this class.

On the 4th of April, 1875, the ship being then at Key West,
a case is entered in the medical journal as * Febris lava.” The
man was captain of the fore-hold, and was required fo spend
much of his time below, On the morning of the above date he
fell on deck and was carried below in a state of insensibility.
He had erampsin his legs, nausea, and vomiting, with high
fever. The malady yielded promptly, however, to quinine, the
urine was at no time albuminous or suppressed, and the patient
was discharged to duty in eleven days. In the absence of rec-
ords of pulse and temperature, the evidence is insufficient to
establish the diagnosis. At that time yellow fever had been de-
clared epidemic in Key West, as appears by the telegrams and
official reports of Capt. J. H. Russell, her commanding officer,
presented herewith,® and every sharp and sudden febrile at-
tack was justly looked upon with suspicion. Schooner loads
of vegetables and fruits were almost daily arriving from Ha-
vana, and no precautions were being taken by the local au-
thorities to prevent the constant importation of the infection.t
The fleet was, however, withdrawn from the anchorage near
shore, and all persons required to be on board by 10 p. m.

It is scarcely probable that the Plymouth ean, at this time

* Bee Appendix A. :
t See (Appendix A) Captain Ruossell’s letter dated March 23, 1875,
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have escaped exposure to the infection of' yellow fever; but it
failed to effect a lodgment within the ship, which remained for
the most of the summer in the Gulf of Mexico, carrying stores
to Brownsville, Tex., and taking in coal from the infected port
of Key West. :

Having wintered at Norfolk, Va., the Plymouth returned to
the West Indies in the following spring, where she continued
cruising until July, 1876. In January, 1377, she was sent up
the Mississippi River, In December, 1877, she made another
visit to the West Indies. By this time she began to show her-
self to be a decidedly unhealthy ship, with a marked tendency
to the development of zymotic disease.

Arriving at St. Thomas on the 4th of December, the Plym-
outh remained until the 11th in that port. On the 9th James
F. Cleary, quartermaster, was sent on shore to the hospital
with fever., Assistant Surgeon J. C. Byrnes reports that the
symptoms in the case resembled those of yellow fever, and
that the man was transferred at once to St. Joseph's Hospital
on shore. There were no notes of pulse or temperature, but -
the records of the department show that the man recovered
and was discharged from the service June 16, 1879,

On December 14, the ship having just arrived at Puerto,
Plata, St. Domingo, after touching at San Juan on the 11th,
James Fodley, seaman, was taken suddenly ill and sent ashore
to the hospital, the diagnosis being * febris, nature unknown.”
Assistant Surgeon J. C. Byrnes notes his temperature as 104.2°
Fah.; pulse, 112; respiration, 30. “A short time before the
attack the patient was in the full performance of his duty.”*

On December 24, shortly after the ocenrrence of the above
cases, while the Plymouth was at Aspinwall there was an out-
break of Chagres fever on board, and the ship at once went to
sea. The invasion in all these cases was eonspicnously snd-
den, but their clinical history as detailed in the medical journal
indicates that they were not in other respects different from
the form of fever usually endemic at various places on the
Isthmus of Panama. All recovered.

* This patient nltimately recovered and was discharged from the service
at New York, February 6, 1878,
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By the 1st of February, 1873, the ship was again north, hav-
ing touched at Havana, Key West, and Port Royal. No further
cases of fever occurred. Between April and June, 1878, she
made another cruise to the West Indies, not touching at St.
Thomas. During this period no cases of even suspected yellow
fever appeared.

On the 6th of October, 1878, she again proceeded to her station
in the West Indies, sailing from Portsmouth, N. H., for Santa
Cruz and St. Thomas, where she arrived on the 19th of the same
month.

As it is at this time that events oceurred which are most im-
portant to be considered, the following careful statement of Sur-
geon T. Woolverton, the medieal officer of the Plymounth, is
given in his own exact language: *

“The Plymouth anchored off Christianstadt on the 19th of
October, and on the 21st proceeded to St. Thomas, some forty
miles distant, to fill up with coal; 192 tons of good anthracite
eoal were put on board there by the natives. There had been
at 8t. Thomas during the season some nine or ten deaths from
yellow fever of nnacelimated soldiers recently arrived from Den-
mark—sporadie eases—and all but one occurred in the garrison.
The port was considered to be healthy, and was not quarantined
against anywhere. During our stay at St, Thomas none of the
men were allowed to land ; officers were permitted to go ashore
between 10 o’cloek a. m. and 5 o’clock p. m. ; the stewards did
their marketing in the middle of the day, and but few stores of
any kind were taken on board. On the 25th of October the ship
left St. Thomas for Frederickstadt, Santa Cruz, where she re-
mained at anchor in an open roadstead half a mile from shore
until the 7th of November. The island had been free from dis-
ease during the summer ; there had been but one case of yellow
fever, that of a soldier from St. Thomas whohad taken the dis-
ease there, and who died some three weeks before our arrival.
The same precauntions were taken at Santa Cruz as at St.
Thomas ; no liberty to the crew ; no one on shore after sun-
down, and the men earefully sheltered from the frequent show-

* Hygienic & Medical Reports, Navy Department, Washington, 1879, p.
659, et seq.
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ers of rain. The weather was hot and humid ; the mean of the
noon and midnight temperature from October 7 to November 7
was 83.2° Fah. ; the maximum 872 Fah. ; the minimum 792 Fah,

“ From the time of leaving Portsmounth there had been but
two or three names on the sick list, and there had been no case
of fever of any kind.

“ On the evening of the 4th of November Charles Bianehi,
marine, berth-deck eook, reported that he had a chill and was
feeling badly ; on the 5th there was decided fever with head-
ache and restlessness, fever continued high, and on the 10th the
temperature rose to 105.6 ; pulse 95 ; stomach became irritable,
and in the evening he had *white vomit.” The case was reported
to the commanding officer as one of yellow fever.

*“On the evening of the 5th, it being pleasant, most of the
ship’s company were sent on shore for battalion drill. Two of
the midshipmen, Mr. Rollins and Mr. Mallory, who had per-
spired freely during the exercise, after coming from shore
stood watch ; Mr. R. from six to eight o’clock, Mr. M. from eight
to midnight, without having changed their clothing. They
both had a rigor during the night, and inthe morning were sick
with fever and headache. Mr, Rollinsg’s fever was higher and
his stomach symptoms more distressing than Mr. Mallory’s. On
the evening of the 6th, Moore, marine, had a chill, followed by
fever and headache. Theuse of the civil hospital at Frederick-
stadt was kindly placed at our disposal, and Bianchi was trans-
ferred thither at 10 o’clock a. m., where black vomit set in in
the afternoon. The midshipmen and Moore were transferred at
1.30 p. m.on the 7th, when the ship got under way for Norfolk.

“On the same evening Mr. Hoffman, assistant engineer ;
White, marine; and Winkler, marine,were sick with fever; their
disease ran a mild course, and they all were convalescent within
a week. The two marines were sent to duty November 22, well.
Mr. Hoftman had an irregular pulse and violent palpitations
during convalescenee, and did not rapidly regain his strength ;
he returned to duty November 30. The clothing of these patients
was disinfected, and their blankets thrown overboard.

“ After our arrival at Norfolk we learned that Mr. Rollins had
died on the 10th, Bianchi on the 11th, and Mr. Mallory on the
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14th of November, at Santa Cruz. All the clothing and effects
of these officers had gone ashore with them; the bedding of the
four patients was sent with them to the hospital; the clothes
of the nurses were thrown overboard.

“On the 8th of November the berth-deck, sick-bay, steerage,
and wardroom were fumigated with sulphur, and a mixture of
the sulphate of iron and chloride of lime was poured into the
bilges ; all bags and hammocks were aired aloft. On the 10th
the fumigation was repeated.

“The ship arrived in Norfolk November18th and was allowed
pratique.

* November 23 left Hampton Roads for Portsmouth, N. H.,
and anchored off Quarantine Island November 30. December
1, at the request of the health officer, the berth-deck was again
fumigated.

“The Plymouth remained at Portsmouth until December 16,
when she proceeded to Boston for some necessary repairs, and
to be broken and frozen out.

“In a report made at Hampton Roads November 17, 1878,
the following opinion was expressed: ‘Considering the strict
sanitary rules enforced during our stay in the tropies, and the
slight probability that we could have earried infection from St.
Thomas, from which port we had been absent ten days before
the first complaint of sickness, it is my opinion that the fever
had a purely loeal origin inherent in the ship, and I have no
doubt but that our prompt departure from Santa Cruz averted
an epidemic on board. 1T eonsider that it would be unsafe to
send this ship again to warm latitudes before she has been en-
tirely broken out and thoroughly frozen out.’

“Arrived at Boston December 17; the ship was broken out
at the navy-yard; nothing movable left in her in the way of
stores, provisions, and clothing.

‘“January 8, 1879, the erew was transferred to the receiving-
ship Wabash, and the vessel fully exposed to cold. Buckets
of water were placed in the various store-rooms below to indi-
cate freezing.

*January 22 the ship was hauled into dry-dock and remained
there until February 4 ; the average temperature on deck dur-
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ing this time was 282 Fah., but it was colder by 102 at the bot-
tom of the doelk, which was piled up with ice.*

“ January 26, fumigated by means of fifty pounds of sulphur
burned below decks in eight charcoal drying stoves placed in
various parts of the ship; temperature zero; water frozen in
every part of the ship.

“February 2, fumigated as before; fifty pounds of sulphur;
temperature 110 Fah., The fumlgﬂtlon extended over two days,
with the ship closed ; the berth-deck and sick-bay had been
seraped before the process.

“ The ship came out of dry-dock February 4; she was white-
washed with a mixture of lime and chloride of lime, and was
believed to be thoroughly frozen out and purified. She had
been overrun with ants and cockroaches ; not one has been seen
since the winter.”

At this time repairs, to a limited extent only, were made to
the Plymouth.

“The woodwork in the cabin, under the poop deck, from the
top of the beams of the maindeck to the under side of the poop
deck beams, and two short strakes on the outside, abreast
themain channel, were renewed. The gun-deck clamps abreast
the foremast and about six hanging knees on each side were
taken down. The wales and topsides were calked from the
water-line up. Slight repairs were made to the elamps in one
or two places. One place was repaired under the forecastle
deck. The ship was repainted.” {

After the completion of the above repairs it was reported to

R —

* The following is an extract from the record of temperature (Fah.) en-
tered in the log of the navy-yard, Boston, during this period :

‘Sunriau. Meridian, | Sunset. lh Eunrim.ih{aridlan. Suneet.,
[+ L] [+] 1 =] aQ a
Jannary 22, . 21 40 46 || Januvary 31, .. 27 o 36
nrym | M 35 36 || Februaryl... 24 28 24
d....| 24 34 34 R 17 ay 30
ol 35 44 44 I 3.. | a5 33
26...| 10 12 14 || i 20 M 32
o7 ees 16 25 34 P HLH o a0
28....] 40 48 45 i . 28 a6 a3
- 36 34 27 e o3 a2 M

30 __| 13 B 2] a1 || l

t Memorandum of repairs furnished by the naval coustructor of Boston
navy-yard, March 11, 1580.
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the department that the ship was “now in good order in all
departments, including engines and boilers, and we have no
hesitation in saying that, with the usual conditions of eruising
at sea, she may be expected to remain in a seaworthy condi-
tion for eighteen months.”™

During an inguiry made subsequently at the Boston navy-
yard it was ascertained that the Plymouth was known at this
time to be very extensively decayed, but that, as her command-
ing officer was anxious to get away, and but a short cruise was
intended, as little of the decayed wood as possible was dis-
turbed.

* On March 15 the Plymouth sailed for a cruise to the Wind-
ward Islands. On the night of the 19th, during a violent gale
of wind, the hatehes had to be battened down, and the damp
berth-deck became very warmn ; a tropical condition prevailed.

“ On the afternoon of the 21st, Richard Saunders, maehinist,
reported himself sick ; his tace was very red and hiseyes swollen
and suffused; he eomplained of violent headache, and had con-
siderable fever ; pulse 959, temperature 104°; fever continued
high during the night; in the early morning the temperature
fell to 102,59, and it was hoped the fever would prove to be
remittent; a large doseof quinine was given. The temperature
soon rose again, however, to 1049; pulse 83 to 93; tongue
slightly coated, broad with red edges, and showing impressions
of the teeth. The fever continued until the 25th, when there
was a remission, with profuse sweating ; pulse 80, soft; tem-
perature 1022 throughout the day ; during the night complained
of nausea, and on the 26th the pulse rose to 88; temperature
104.6°, with return of headache. These symptoms subsided,
and from the 27th he improved slowly but steadily. The char-
acteristies of Saunders’s fever were the sudden and violent
invasion, the intense headache, with peculiar aspect of face and
eyes, continued fever, remission, with sweating, urine scanty
and giving a preecipitate of albumen, the pulse slow relatively
to the heat of the body ; during convalescence skin and con-

* Report of board ordered to _I'E-l;l‘:ll-'-l:_“ what rﬁpai;; have been made on the
Plymouth, her present condition for sea-service, and the length of time
she will probably remain in condition for sea-service,” dated Boston, March
13, 1279,

2
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Junctivie became yellow and continued so for a week, and
there was an irregular pulse. This man joined the Plymouth,
in Boston, December 24, 158785,

*“On the night of the 22d Peter Eagan, boatswain’s mate,
aged about 56 years, turned in feeling quite well. During the
night he was taken very sick, and by the morning of the 23d
he could not get about without assistance. He presented the
same appearance and symptoms as Saunders, with great irrita-
bility of stomach ; his caseresembled remarkably one ofirritant
poisoning ; pulse 95 ; temperature 103.52; skin hot and dry.

“ A diagnosis of yellow fever was made in these two cases
and reported to Captain Harmony, with a recommendation not
to continue the eruise ; also that hot eoffee should be served to
the relief wateh at midnight; that the men be allowed to sleep
on deck under cover until we could reach cooler weather. The
maximdm temperature on deck had been 772 Fah.

*The ship putinto Bermuda for coal, and on the night of the
25th the temperature had fallen to 63° Fah. The sick men
passed through their disease pretty favorably., Saunders was
convalescentabout the seventh day, but Eagan, an old man, after
a light remission on the fourth day, fell into a typhoid condition
and died from exhaustion during a violent storm Mareh 31 ; the
weather had been bad and unfavorable to his recovery.”*

There were no new cases of vellow fever on board after
Eagan was attacked on the 22d of March. The ship was placed
in quarantine at Portsmouth, N. H., on the 6th of April.

On the 9th of April a sanitary examination of the Plymouth
was ordered to be made by a board of medieal officers of the
Navy, who reported that the infeetion which had caused the
second outbreak of yellow fever on the Plymouth seemed to
have been retained in the decayed wood of the berth-deck (an
opinion likewise expressed by Surgeon Woolverton) or in the
bedding or clothing of the men, and recommended that she
should be disinfected by the injeetion of steam and by sulphur-
ous acid gas. T

* Hygiemie and Medical Reports, Navy Department, Washington, 1879, p.
694 et ante.
t Zee Appendix B.
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Owing to the fact that her ¢rew and all her stores were on
hoard at this time, it was not considered practicable fo make a
thorough examination of' all parts of the ship. As it appeared
unadvisable to transfer her stores before the return of colder
weather, further investigation was deferred until the vessel
could be completely emptied of all her contents.

In the month of February, 18580, after exposure to a freezing
temperature, all the stores were discharged, and a second sani-
tary survey ordered by the department. The present board,
to which this duty was intrusted, was referred for detailed in-
structions to the Surgeon-General of the Navy, and was author-
ized to raise any portion of the inner planking or the floors of
any of the magazines or store-rooms, and fo remove any ob-
struetions which might conceal impurities or materials afford-
ing lodgment for infection.®

In order to expose all parts of the ship to view, as well as to
 give free admission to the disinfecting agents expected to be
used, the following preliminary work was performed by a gang
of shipwrights, the ship still lying at anchor at the quarantine
grounds in the outer harbor of Portsmouth, N, H.

Openings were made in the ceiling and knees of the state-
rooms in the starboard steerage, A locker on the port side of
the berth-deck, over the coal-bunker, was taken down, and
openings were made in the ceiling and knees just forward of
this point, portions of the planking being removed. Similar
openings were made opposite the galley, on the port side (giv-
ing exit to a very offensive odor). Portions of the ceiling on
the starboard side of the sick-bay were removed, and the eceil-
ing and knees cut into and examined all along the starboard
side of the berth-deck.

In that portion of the fore-hold allotted to general stores,
and, abaft that, to paymaster’s stores, the flooring and limber
boards were entirely removed, and on the port side one of the
bilge-strakes was raised. In the fore-hold proper the flooring
was removed to a sufficient extent to permit examination of the
bilges and the spaces beneath the water-tanks, and on the star-
board side a part of the bilge-strake was cut out. Secuttles were

*See ﬁp[ll-a;.'ll]i-;b.
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cutin the floors of the forward shell-rooms on both sides of the
keelson. In the coal-bunkers the flooring was eut through in
two places. In the after-hold the flooring and a portion of the
lower strake of the thick strakes were removed on both sides
of the ship. Scuttles were cut to allow access beneath the
floors of both magazines, and a portion of the thick strake and
of the lead lining covering the ceiling was removed. Scuttles
were also cut in the floors of both bread-rooms abaft the maga-
zines, and the sheathing partly removed. The shaft-alley was
examined and its after part found to be filled in solid, while in
its remaining portion the bilge was accessible without the ne-
cessity for cutting.

By means of these openings we were enabled to see that the
ceiling and hanging-knees, clamps, ete., were extensively de-
cayed all along the berth-deck. This was particularly the case
in the starboard steerage, opposite the galley on the port
side, and in the sick-bay. The decayed wood was filled with
the mycelinm of fungous growths, which appeared also on the
inner side of the outer planking. DBehind the locker on the
port side, when it was removed, was found a large quantity
of partially decomposed refuse. A sink for emptying slops
opened outboard from this locality, and was surrounded by de-
cayed wood. A hose-reel also hung near by. Each opening
gave exit to foul air of offensive odor. This region is immedi-
ately above the port coal-bunker, and here four cases of yellow
fever, all occurring during the first outbreak, were billeted.
One case, oceurring during the second outbreak, was billeted
on the starboard side, exactly opposite, and one near the gal-
ley, localities where decayed wood was found to be particularly
abundant.

In that portion of the fore-hold allotted to general stores and
paymaster’s stores the flooring, capping to the main keelson,
and the keelson itself, the frames, filling timbers, and water-
tight bulkhead were extensively decayed. The spaces between
the frames in this locality were comparatively free from acenmu-
lations. A ecareful examination of all parts of the fore-hold
proper, of the spaces between the frames, and beneath the
water-tanks disclosed nothing worthy of note. On cutting

i ol o icalicis i e S o a a ol
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through the floors of the shell-rooms a quantity of offensive air
escaped. A considerable deposit of filth was here found in
the bilge, next to the main keelson. On the port side a mass
of nearly solid matter, consisting largely of bacteria, adhered to
the inner side of the sister keelson and the augle between it
and the bilge. Under the coal-bunkers nothing noteworthy be-
sides a quantity of coal-dust which had sifted through the floor,
and which appeared to have been there for a long time, was
observed.

Below the plates of the fire-room there were about three
inches of solid ice, and ice was standing upon the plates them-
selves, It was not possible to examine the parts under the
boilers and engine-room. The shaft-alley and bilge in this part
of the ship were free from considerable accumulations, and in
good order. In the after coal-bunker on the port side a quantity
of fire-wood, said to have been taken on board in the United
States, was stowed ; otherwise the bunkers were empty. In the
after hold, on both sides, two of the filling timbers were found
to have been ent oft’ square with the molding edge (see cross-
section in last figure of the accompanying plan), thus leaving a

sort of dam for the retention of whatever matter might get into
the spaces between the frames. On the starboard side one of
these spaces was found to be completely filled with a soft mass,
of intolerably offensive odor, which seemed to consist chiefly of
beans in all stages of decay; the other space was equally full
of sponge, clothing, chips, and other refuse, more or less decom-
posed. The stench from these deposits was such as to drive
the workmen on deck.

Between other frames on both sides were masses of bhacterial
growth similiar to that found in the forward shell-room ; and on
the port side, in the enls de sae corresponding to those contain-
ing the beans and refuse on the starboard side, was found a
quantity of unrecognizable decomposing organie matter. Itwas
directly above this hold that three cases of yellow fever oceurred
during the first outbreak. Two were midshipmen, swinging one
on each side of the hateh; the other an assistant engineer, occu-
pying the adjoining stateroom on the starboard side. Two of
the three cases were fatal,

Under the flooring of the magazines was a great accumulation
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of decomposing chips and auger-dust, emitting a foul odor, and
evidently left there when the ship was built. The spaces be-
tween the frames were free from noteworthy deposit. Under
the lead hining the sheathing was entirely rotten, and blackened
as if the wood had been charred, and in this rotten wood dead
rats and their nests were found. The thick strakes and ceiling
were badly decayed. Oneutting through the bread-room floors,
confined air of offensive odor escaped. A second floor had here
been laid above the original floor, and between the two was a
confined space about three inches deep, trom which living and
active flies erawled out. It is plain that, although ice had long
been standing in the fire-room, this space had not been suffi-
ciently chilled to kill the flies. The fin lining to these bread-
rooms had not been carried entirely into the angle between the
deck above and the ceiling, but formed with these a triangular
space, within which fungous growths were found.

Owing to the fact that the lower outlets of the spaces be-
tween the frames, which were intended to open into the bilge,
were In the Plymouth elosed by covering boards, these spaces
throughonut the ship were converted into reservoirs for confined
air. Other confined-air spaces’existed under the limber-boards
in the fore hold, under the floors of the coal-bunkers and of
the forward shell-rooms, below the after magazines and bread-
rooms, and behind the tin sheathing at the outer angles of the
latter.

These spaces, as is shown by the presence of the living flies,
are so protected from external atmospheric changes as to be
practically unaffected by either heat or cold, and have probably
not been reached by any of the disinfecting agents heretofore
employed. The same observation applies also to the interior
parts of the timbers, which are nevertheless found to be far gone
in decompaosition.

We are of the opinion that the varions deposits of decompos-
ing organic matter and the quantity of decayed wood above
deseribed are closely connected with the development of yellow
fever on board of the Plymouth.

Numerous specimens and a plan of the ship are forwarded
herewith by way of illustration. The specimens include por-
tions of rotten wood, showing the fungus of dry-rot in mycelinm
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from various parts of the ship, and the different deposits above
referred to. The significance of these growths consists in the
evidence which they afford that the condition of the ship was
favorable to the development of low forms of organie life, which
have not been destroyed by the disinfecting agents hitherto em-
ployed.

Aftercompleting the examination into the condition of the ship
herselt’ at Portsmouth, the board continued the investization
at Boston 80 as to determine with certainty whether all of the
clothing and stores, which were suspected to have been among
the tomites of the infection, had also been exposed to a freezing
temperature. A careful inguiry in regard to this point showed
that all the provisions, clothing, and stores had been taken out
of the ship and placed in an open shed situated in an exposed
part of the Boston navy-yard and had remained there for about
one month, from Jannary 8 to February 12, 1879.  As shown by
the record of temperature already quoted, taken from the log-
book of the navy-yard, the mercury during this period was
frequently below 32° Fah., the average temperature having been
282 Fah. on the deck of the PPlymouth, hauled up in the dry-
doek.

Subsequently the clothing, packed in bales covered with water-
proof envelopes, the beef and pork in barrels, the boots and
shoes in boxes, and the small stores were again returned on
board. The elothing in actual use by the erew and the blankets
and mattresses which had been sent with the men on board the
Wabash were brought back with them on their return to the
Plymouth on the 12th of February. Itis notrecordedthat these
articles were exposed to the same degree of cold as the rest of
the clothing, but Surgeon Woolverton states that *the men’s
bedding was frequently aired during the winter, and onece at
least the fact is noted in the ship’s log with a temperature of
24° Fah, Many of the men availed themselves of the oppos-
tunity to have their blankets washed in Boston.,”*

These stores were still in the ship on her return in March,
after the recurrence of fever on board, and were not removed
from her until February, 1880, when they were transferred to
the paymaster’s store-rooms at the navy-yard at Portsmouth,

= % Yellow fever on the Plymouth,” Hyg. and Med. Reports, 1879, p. 696.
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N. H., for the purpose of being again exposed to the action of
cold., The navigation and engineer’s stores were exposed to a
dry heat of 260° IPah. inan oven constructed for baking ¢ cores.”
A sickening odor is said to have been exhaled from the flags and
signals when heated.

It is a cireumstance worthy of being particnlarly noted that
many of these stores bore the mark * Rio Janeiro,” and had
been returned from the naval store-house at that place. Some
among them, such as the glass jars containing pickles, ete.,
were packed in straw and contained in loosely covered boxes,
receptacles well adapted to retaining infection.

The island of Enchados, on which the naval store-house at
Rio Janeiro is situated, has long been regarded as a thoroughly
infected place and has been so reported by medical officers of
the Navy.*

It thus appears that all ordinary and such unusual precaun-
tions as suggested themselves were taken to prevent a recur-
rence of the disease; the cause of which, nevertheless, remained
on board, having successfully resisted both sulphurous aeid
and a degree of cold below the freezing-point. Whether the
sulphurous acid vapor penetrated to every recess of the ship is
doubttul, there being no evidence attainable bearing upon this
point. The examination of the ship already deseribed opened
up many parts which must have been effectually protected
against the freezing temperature recorded. So that, if it be
granted that the yellow-fever poison was actually imported into
the Plymouth, and that it (the poison) is endowed with the
power of lying dormant under conditions unfavorable to its
development without losing its potential vitality, we are of the
opinion that the precantionary measures adopted in the Plym-
outh, energetic and well-intentioned as they were, were not
sufficient to insure the destruction of the cause of the disease,
Further investigation and experiments, which will be detailed
in a subsequent part of this report, upon the application of dis-
infecting agents, have, moreover, confirmed and strengthened

* Report of Dr., Green, U. 8. N,, on the medical topography of Rio de
Janeiro, Sanitary and Medical Reports, 1873-'74, Bureau of Medicine, Navy
Department, p. 753. :
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the opinion expressed in our preliminary report to the Surgeon-

reneral, that extensive decay in the wood-work of a ship in-
creases vastly both her susceptibility to infection and the dif-
ficulty of removing disease by disinfection. In the Plymouth
decay began early and progressed rapidly, as has been already
shown, partly because of the quantity of white oak nsed in her
construction, and partly becaunse of the sealing up of her frame
spaces, and the numerous dark and confined boxes into which
the system of flooring and bulkheading followed divided her
interior, as will appear more clearly when the subject of the
prevention of yellow fever comes to be considered.

The localities from which it is most probable that the disease
was imported are St. Thomas and the island of Enchados. Coal
was taken on board at the former place, from an open shed,
and yellow fever has been so often traced to St. Thomas as a
starting point, that it must always lie nnder partienlar sus-
picion. The island of Enchados was doubtless infected at the
time that the stores above referred to were taken thence, but
the time which had elapsed sinece their reception into the Plym-
outh, and before the outbreak of this disease, renders it a less
probable source of infection than St. Thomas, We have found
no direct evidence bearing upon this point.

The Plymouth is by no means the first ship of which it is re-
corded that yellow fever became epidemie on board atter it had
been supposed that thorough disinfection had been praeticed,
and before she had touched at any port within the yellow-fever
zone.* Her experience oceurred, however, at a time when the
attention of the medieal profession and of the public was di-
rected particularly toward the natural history of yellow fever,
and has furnished the text for arguments upon many of the
questions which are still subjects of controversy among those
especially interested in the disease.

These questions are so numerous and the shades of opinion
regarding them are so various that we have found it desirable,
before offering our suggestions with regard to measures of pre-
vention and disinfection, as required by your order, to give a

-_—

"Se_é, for example, the histories of the United States ships General Gr&a_n;
1800), Enterprise (1825), and the British ship L’Eclair (1245), reported by
La Roche, vol. ii, p. 425, et seq.
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short account of the disease itself as understood by us, and of
the conclusions upon which our recommendations are based.
In =0 doing we shall refer particularly to those aspects of yellow
fever which aftect the naval service afloat, and rely as muech as
possible upon the testimony of naval surgeons, as published in
the reports of our own and foreign services, to support such
opinions as we advance.

Yellow fever is an acute, specific, infectious disease, charae-
terized by headache, nansea, suffusion of the eyes and enta-
neous surface,® high temperature with a comparatively slow
pulse, abnormal fluidity of the blood, hemorrhages from the
gums, nose, and gastro-intestinal mucous membrane (black
vomit), albuminous urine deficient in chlorides,t the secretion
being often suppressed, and yellowness of the skin and conjune-
tivee. Rachialgia, delirinm, petechiz, and sudamina are fre-
guent but not characteristic accompaniments. The period of
incnbation rarely exceeds five days; the onset is sudden, the
patient being at once prostrated, and the most important lesion
isof the blood, which becomes abnormally fluid and so altered in
its composition as to be, in fatal cases, incapable of maintaining
the nutrition of the body. There is probably a fatty degenera-
tion of the white corpuseles.i  The liver is found post morfem
to be fawn-yellow or “nutmeggy”§ in color and to have under-

*Dr. 8. M. Bemiss, of New Orleans, is of the opinion that one of the early
lesions is a paralysis of the vaso-motor nerves, producing blood stasis, which
is directly connected with the yellowness of the skin and the appearance of
azlbumen in the orine.—Am. Jour. Med. Sc., April 1850, p. 450.

t“The remark of Heller (Br. & For. Medico-Chirurgical Review, July,
1853) that he had found the albumen in the urine in something of an in-
verse ratio to the chlorides, has been verified in the examination of the
urine of these patients; for when albumen was found to be abundant then
the chlorides were absent, and with the disappearance of albumen chlorides
again made their appearance.” Deputy Inspector-General Donnet’s report
upon the yellow-fever epidemic of 1266 at Port Royal, Jamaica.—Stat. Rep.
on the Health of the (British) Navy, 1867, p. 109.

{ Bee Surgeon G. M. Sternberg, U. 8. A, in Preliminary Report of the
Havana Yellow Fever Commission, Washington, November 18, 1879, p. 16;
also Joseph Jones, Yellow Fever Epidemic of 1878, New Urleans Med. &
Surg. Journal, vol. vi, p. 599.

§ Donnet, op. cit., p. 112, Proeeedings N. Y. Path. Soc., Med. Record, Sep-
tember 24 and October 22, 1879,
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cone more or less fatty degeneration. This lesion, which was
noticed by Louis in 1828, appears to be always present and is
one of the distinetive marks of the disease. The bladder is
often contracted upon itself, its walls thickened, and its mucous
lining congested ; the kidneys and spleen are also often con
gested and contain extravasations of blood ; but besides the
changes in the Dblood and liver above noted there are no ana-
tomical characteristics which are known to be constant.®

The elinical history isshort in fatal cases, which often termi-
nate upon the fourth day. The period of accession usunally
embraces from twenty-four to forty-eight hours, and may be
considered to represent the aetual duration of the disease.
This stage is followed by a so-called * stage of calm,” marked
by a more or less decided remission of all symptoms, during
which the tendeney is toward recovery if the disorganization of
the blood be not too great to permit of the continnance of its
funetions. It is during this stage that the damage done during
the paroxysm shows itself, and death oecurs either at onee, from
total destruction of the blood as a nutritive fluid, or later, from
intercurrent lesions consequent npon its impairment. Conva-
lescence is slow, and likely to be interrupted by exposure to
sudden changes in the weather., * The danger line of body
temperature deseends progressively from the onset.”t  Yellow
fever is, therefore, a fever of a single paroxysm.

It is limited in origin locally by the parallel of 432 north lati-
tude, and a corresponding but undetermined parallel of south
latitnde. It has oceurred at so high an elevation as 4,000 feet
above the sea level (Neweastle in Jamaiea). DBut, as a rule, it
is epidemic in low districts on the sea-coast, and rarely oceurs

* For a eareful review of the Listological characters of yellow fever so far
asthey have been studied, with arecent bibliography of the subject, ses Patho-
logical Histology of Yellow Fever, by J. J. Woodward, surgeon, U. 8.
Army, Supplement No. 4, National Board of Health Bulletin, April 6, 1880.
Dr. Woodward does not find that the changes in the blood, exclosive of the
appearance of fat granunles in the white corpuscles above referred to, are of
snch acharacter as to be apparent on microscopic examination. See also Dr.
5tillé’s lecture on yellow fever, Med. Record, March, 1879, pp. 193-217.

tDr. 8. M. Bemiss, loc. cil.



28 YELLOW FEVER ON U. & STEAMER PLYMOUTH.

beyond an elevation of 2,500 feet above the level of the sea.*
The specific poison is not active at a temperature below 729
Fah. Yellow fever is also limited locally, as to its origin, to the
western hemisphere, arising in the great Atlantie interconti-
nental gulf, as does cholera in the similar Indo-Chinese gulfofthe
eastern hemisphere.t  Although the disease has frequently be-
come epidemic in Europe and has been reported from so rar
east as Cairo, it has never retained its foothold in the eastern
hemisphere longer than a single season.

Second attacks are scarcely more common in yellow fever
than in small-pox or measles.i Persons born or long resident
in districts subject to the disease, who are then said to be *“ae-
elimated,” are also protected to a less extent, but the immunity
thus acquired may be lost by long residence in regions beyond
the * yellow-feverzone.”§ In what waysuch an immunity can
originate it is difficult to imagine. The fact appears to be well-
established, however, and suggests an analogy with the so-
called Colles’ lawsin hereditary syphilis, whereby the mother of

*Aitken, Practice of Medicine, ii, p. 461.

“The facts of 1269 show that this immunity is but relative, and that,
when unacclimated Europeans are crowded together on high levels, the
disease may rage as it does on the shore.” La Fievre Jaune & la Martinigune,
par L. B. Berenger-Féraud, Paris, 1878, p. 64.

1% It is along the coast of South America, in the Gulfs of Darien, of Hon-
duras, of Mexico, and along the shores of the island of Cnba that the gen-
erative atmospheric condition (la disposition atmosphériqgue géndratriee), the
‘medical constitution,” of yellow fever shows itself first, and it is for this rea-
son that yellow-fever epidemics have always started from these localities.”
Férand, op. eit., p. 100. See also Lecture on Yellow Fever, by Dr. Alfred
Stillé, reported in Medical Record, March, 1579, pp. 193 and 217.

£ We have never attended the same person in two attacks of the disease
and know of but one altogether reliable observer who has treated the same
individnal throungh two attacks.” Bemiss, loc. cif., p. 452,

§ See Surgeon J. R. Tryon's report upon the epidemie of 1574 at Pensacola,
Sanitary and Medieal Reports, United States Navy, Washington, 1875, pp.
459-462, (The unprotected, exposed, and not attacked were only 3.20 per
cent. of all cases.) Med. Insp. John Y. Taylor on the epidemic of 1873 at the
New York Navy Yard, Hygienic and Medical Reports, 1879, p. 478. Prelim-
inary Report Havana Commission, 1879, p. 5, Dr. Donnet, op. cif,, p. 120,
Report of Sanitary Commission of New Orleansupon Epidemic of 1853, New
Orleans, 1854, pp. 4, 9, 262 ¢t passim. (The number of deaths in this epidemic
was 8,101, or 13.49 per cent. of the nnacclimated population.)
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an infected child, although presenting no evidence of having
contracted the disease herself during the period of pregnaney,
is found to be protected against infection from the child after
its birth.®* The fact that a single attack protects its subject
from infection thereafter, considered in connection with the de-
cided specificity of the disease, affords some hope that if the
materies morbi should ever be discovered, the terrors of
yvellow fever may be abated by the practice of inoculation
under circumstances favorable to a harmless result.

Whether a partial immunity is enjoyed by the dark-skinned
races or not is still an open question. During the epidemics
of 15875 and 1379 in the Southern United States the mortality
among the negroes was very severe, although less in propor-
tion than among the whites. Féraud asserts positivelyt that
in Martinique neither negroes nor Chinamen were any better
off than other races, and it should be remembered, in disenss-
ing the supposed less liability of negroes to yellow fever in the
Southern States, that they enjoy, almost without exeeption,
whatever degree of protection is afforded by acelimation. In
mild epidemies it is to be expected that acclimated persons
will suffer less than strangers.f

The disease is donbtless infectious, but the evidence in favor
of eonfagion is not conelusive. Many instances are recorded of
the oceurrence of yellow fever on shipboard wherein those per-
sons most exposed by personal service upon the sick t:mﬂp{*d%-

* For cases to show that yellow fever is not commuuicable to the fetus in
utero, see Med. KRee. N. Y., Nov. 29, 1879; Rep. of Obstet. Sect. N. Y. Acad.
Med.

t Op. cit., p. 65

£ See also Stillé, Lecture on Yellow Fever, loe. cif.

§ Thus, Passed Assistant Surgeon Lewis 8. Pileher (Naval Medical Essays,
Washington, 1873, pp. 216, 217), reporting upon the epidemic in the Sara-
toga in 1369, observes: * In the circumstances attending the cases of yellow
fever on this vessel, there were none which indicated that the disease was
in any way propagated by contaect with the sick or by exposure to the ema-
nations or secretions from their bodies. On the contrary, those who were
most about the persons of the sick escaped entirely. The apothecary and
four nurses, all unacelimated and unprotected by a previous attack of the
disease, who were with the sick continually, night and day, and, in some
cases, nnavoidably received upon their persons matters vomited by the dying,
were none of them attacked. Commander Whiting, who constantly visited the
sick, was one of the only two commissioned officers who escaped. * * *
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When the crew of an infected ship has been transferred to a
hospital on shore, or to another ship, without clothing or effects,

the development of new cases has often ceased, to begin again
upon the return of the men to their own vesszel.* A hospital on
shore may receive cases of yellow fever for months, during which
the attendants and other patients are exposed to contagion,
withont the ocenrrence of any ease in the hospital. 'When once
the hospital has become infected, however, as shown by the oc-
enrrence of yellow fever among its personnel, the disease spreads
with a rapidity which is in marked contrast with this previous
immunity. A striking example is furnished by Dr. Donnet,f
reporting upon the epidemic at Port Royal, Jamaiea, in1866-"67,
of this feature in the natural history of yellow fever. Port Royal
i5 on the end of a narrow sandspit, across the bay from Kingston,
and southwest of that town. The settlement at Port Royal had
been absolutely tree from yvellow fever for four years previous
to November 27, 1866, The town of Kingston had enjoyed a
similar immunity until October 14, 1866, when the first case
oceurred in the person of a seaman landed from the ship Jamaiea,
lately arrived from St. Thomas, where yellow fever was preva-
lent. The first case admitted to the hospital was the command-
ing officer of the gunboat Nettle, on the 27th November. Cases
follrm ed from the Gmlmu&, bte:uh, Doris, Constance, Jason,

Further, not one f.:-f the quamutme officials or attendants was attacked by
the disease. In the transfer of the sick (at New York in hot weather), es-
pecial care was taken to prevent as much as possible any articles from ac-
companying them which might act as fomites.,” See also Rep. N. O. San.
Com. “ Hirth, more than half a century ago, introduced the exerements and
blood of the sick into his system in every possible way without results.” p. 97.

* “The large number of cases occurring on that day (of transfer of erew
to hospital ship at New York quarantine station), and their almost com-
plete cessation from that time, is somewhat remarkable, and seems to indi-
cate the utility of the measures for disinfection which were adopted, and es-
pecially to be duoe to the speedy removal of the men from the infected ship
to one free from such taint.” Dr. Pileher, loc. cit., p. 216. See also the rec-
ord of the epidemies on the U. 8, 8. Enterprise, La Roche, ii, p. 432, and the
British ships, Hibbert, p. 433, and L'Eeclair, p. 443; in all of which the dis-
ease broke ont again with increased violence after the return of the men to
their ships.

t Statistical report of the health of the (British) navy 1867, p. 115. See

also Dr. Stillé, loc. cit.

&
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Aboukir, and others. Until February 16, 1867, the disease was
confined to the infected persons sent from the ships, many of
whom died. Atthis date the assistantsurgeon fell ill and died,
“and inMay, from the eirenmstance of the hospital having had
vellow fever cases constantly under treatment, it would seem
to have acquired the conditions necessary for the spread of the
contagion; for at this time the deputy inspector-general (Dr.
Donnet himself), an officer, and several men under treatment
for other complaints were seized with fever.”” It was remarked
also, in the past history of the same hospital, that in several
previous ontbreaks the disease had been hmited to the erews
of the ships infected. and **that no person belonging to the hos-
pital in attendance upon the infected cases contracted the dis-
ease; on the contrary, Dr. Blair, in his history of the epidemic
of yellow fever in 1837-1840, mentions the circumstance ‘that
almostevery case admitted into the military hospital at George-
town (Demerara)during the epidemie; beeame yellow fever, no
matter what the ailment on admission.’”* IFérand states that
during the period from 1558 to 1869, when no yellow fever ex-
isted at Martinique, the disease was four times introduced into
the military hospital, no epidemic or contagion following.t

Inthecase of H. M. S. Bristol,i at Sierra Leone, in 1865, many
cases of yellow fever oceurred on board of that ship among the
persons who had visited the infected ship Isis as a working
party tochange her anchorage. No person who had not visited
the Isis was attacked, althongh the ship’s company of the Bris-
tol was necessarily exposed to whatever contagious influence
there was.

These facts suggest the conclusion that yellow fever is due to
a poison which is not developed by the processes of the disease
within the human body, but reaches its period of activity out-
side of the body. As was epigrammatically said by Admiral
Dubourdien, * (Pest le navire qui est malade.”§

It isquite generally held by naval surgeons who have observed

*Loe. cit., p. 125.

tOp. cit., pp. 41, 42,

fQuoted from a letter by Dr. George M. Sternburg to the Medical Record,
January 11, 1879, p. 46.

dJohn Gamgee, Yellow Fever a Nautical Disease, N. Y., 1879, p. 136.
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vellow fever that the materies morbi resides in the ship, and is
not dependent for the continuance of its activity upon propa-
gationfrom individual to individual. Thus Surgeon (now Med-
ical Inspector) Delavan Bloodgood writes of the epidemic in
the Jamestown, at Panama, in 1866,* that, having at length
sailed northward, on the 2d day of April, the ship’s company
had flattered themselves that the disease would cease, *“incon-
siderate of the *ferment’ with which we were freighted.” And
again,t* the belief is well grounded that yellow fever neverleaves
certain localities which it has once invaded, and where the con-
ditions for its existence are constantly maintained. It may
seem dormant for a time, or only sporadically evineing its vital-
ity before it arouses itself and appears epidemically.” Surgeon
J. R. Tryon speaks of “infected hospital buildings” and * in-
fected marine barracks, where the disease existed to an alarm-
ing extent” during the epidemiecs of 15863 and 1867.f Aecting
Passed Assistant Surgeon F. V. Greene says: “Of the fact
that the germs retain their vitality for long periods of time in
this section (Brazil) there can be very little doubt, as it is only
on this hypothesis that the yearly outbreaks of disease can be
explained.” Surgeon Thomas N, Penrosestates of the epidemie
on the Ticonderoga (1374), “That the germs of the disease
reside within the ship I have no doubt.”|| Surgeon N. L. Bates,
on the Brooklyn, in 1875, found that “nearly all the condi-
tions required to develop yellow fever are constant at Rio de
Janeiro.™] Medical Inspector Jno. Y. Taylor, writing of the
Vermont at New York, in 1878, observes, “It has long been
Eknown that the so-called germs of yellow fever, while they are
destroyed or rendered inert by a very high or very low temper-
ature, under certain conditions, may remain quiescent for an

—

* Medical Essays, Burean of Medicine and Surgery, Navy Departwuent,
Washington, 1873, p. 186.

t Op. cit., p. 200,

tYellow fever at Pensacola in 1874, Sapitary and Med. Reps. U. 8. Navy,
Washington, 1875, p. 452.
§ Banitary and Med. Reps., 1875, p. 765.
|| Sanitary and Med. Reps., 1875, p. 477.
T Hygienic and Med. Reps., 1879, p. 26.
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indefinite time and afterwards resume their activity and powers
of multiplication.”™ Surgeon T. Woolverton, on the Plym-
outh, during the same epidemic which led to this investigation,
states hizs convietion * that the yellow-fever infecetion is con-
fined to the hull of the ship, and especially to the rotten wood
about the berth-deek.”

The medical board ordered to investigate the epidemic at
Pensacola, in 1874, reported theiropinion that * the germs of the
disease certainly exist, dormant for the winter, to revive next
summer.”f Many of the phenomena * can at present only be
explained on the assumption that this cause (of yellow fever) is
either itself capable of growth and reproduction outside the
bodies of the sick, or that it is the product of something which
has these gqualities,” § as analeohol, forexample, is the produet of
the growth of a saccharomyeetes.  Dr. Alfred Stillé, in a recent
lecture delivered at Philadelphia,” || quotes the late Dr. Nott,
of Mobile, as having said : * Yellow fever is not generated in
the human system, nor transmitted from one person to another
in any way: its poison or germ is generated outside of the
human system, and is taken into the system after the manner
of the marsh malaria. But, unlike the latter, its germ is port-
able, and may be ecarried from one point to another and thus
propagated.” Dr. Warren Stone, of New Orleans, isalso quoted
by Dr. Stillé to muech the same effect.

This very general belief that the essential poison of yellow
fever is not a produet of disease in the human subject, like the
poison of small-pox, for example, but is produced and developed
outside of' the body, is quite independent of any particular
theory as to the nature of the poison, or its proper place in
classifieation. It appears to be based upon observation of the
faets already adverted to in the natural history of the disease,
and to have grown up independently in the minds of several

* Hygienic and Med. Reps., 1579, p. 479.
t kygienic and Med. Reps., 1879, p. 691.
{ Hygieuic and Med. Reps., 1879, p. 707.
§ International Review, January, 1820, p. 30.
Med. Record, New York, March 1879, pp. 193-217.
3
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different observers as a logical explanationof the phenomena.*
Such being the history of this opinion, it becomes the hasis for
practical deductions of great importance, turning the atten-
tion of those whose duty it is to guard against the loss of life
on shipboard by this disease to the external and physical con-
ditions which present themselves rather than to its elinieal
history.

The phenomena which eharacterize the ineeption and progress
of an epidemic of yellow fever are as well established as those
which mark any process in nature. If its canse has not yet
been absolutely and visnally demonstrated, the effects which
it produces, and the laws under which it operates, have been
determined by observations as often repeated, by methods as
rigidly seientific, and by observersas truthful and unprejudiced
as those that have established the theory of the correlation of
forces or of chemical quantivalence, reasoning from phenomena
the canses of which are even more hopelessly unrecognizable
by the senses. It it not surprising that, notwithstanding the
mass of facts which have been collected, there should not be
perfect nnanimity in the supportofa theory that shall account
for all of them, since the complexity of the problem is enor-
mously inereased by the presence of that unknown factor which
disturbs all inferences drawn from the processes of disease, the
force which controls life; and since the disease itselfis the only
absolute test as yet discovered for the presence of its eause.

We do not consider that it would fall within the limits of
our instructions to diseuss the various theories which have
been advanced and supported with greater or less ingenuity
in explanation of the phenomena of yellow fever. Whether
the poison is, according to the * germ theory,” a eryptoga-
mous plant of extreme minuteness, or a particle of diseased
bioplasm endowed with a primitive amaboid power of motion
and multiplication,f or a “something in the air,” a gaseous

“*Dr. Bemiss is one of the few observers of great experience and high
anthority who hold a eontrary opinion. * It [the poison] is reproduced
chiefly, if not wholly, within the body, but,” as he goes on to say, ‘“nndergoes
some change after its escape from the body, which increases its toxic
qualities.” ( Loe. cit., p.457.)

t Disease Germs : their real nature. Lionel 8. Beale, M. D., Philadelphia,
Lindsay & Blakiston, 1870, pp. 11, 16, &t passin.
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emanation, an immaterial influence similar to heat and elee-
tricity, or a wingless insect which c¢rawls along surfaces, or
whether, in fine, the disease is nothing but a malignant form of
malarial fever,* are opinions which it would be nunprofitable to
disenss in this place, since there is not, as yet, a partiele of di-
rect evidence bearing upon the physical characteristies of the
poison of vellow fever.t Nothing has been found in the bodies
of those affected, in the air of the loealities wherein the disease
prevailed, or in the solid materials by which they were sur-
rounded which has yet been proved to be peculiar to the dis-
ease, althongh the highest microscopic amplifications in skilled
hands have been again and again used in their hxmuinatiuu.i

Whatever may prove to be the real nature of the unknown
cause of yellow fever, there are certain pecularities in its be-
havior which appear to define the limits within which it is
to be sought. Inthe first place, it is portable ; it elings to solid
surfaces, and especially to sueh as, by their looseness of text-
ure, favor the retention of minute material particles. Such ar-
ticlesas clothing, rags, skins, feathers, linen, and silk, are classed
as most dangerous by quarantine regulations—empirical rules
based upon experience only.  The poison is therefore probably
a solid body, and there is good reason to hope that it will
eventually be demonstrated by the microscope.§

Secondly, it is specific; that is, it reproduces yellow fever,
and no other disease. Yellow fever is as sharply defined as to
its characteristies as small-pox, or typhoid fever, or cholera,
The necessary inference from this fact is that the cause is al-
ways the same, and that it reproduces its like when propa-
gated—a pecnliarity of living organisms.

Thirdly. Although the poison manifests itself under certain
conditions, such as are favorable to the growth of organic life,
namely, a temperature above 722 Fah., moisture,|| and the pres-

* The “ Bancroft” doctrine. See Watson’s Practice, art. Yellow Fever.

t Bee Preliminary Report of Havana Commission, p. /.

{ Certain nnfinished researches npon bodies of snspicious appearance ob-
served by the Havana Commission will be eonsidered later.

§ Dr. Sternberg, in Rep. of Havana Commission, p. 17 ; Rep. Yellow Fever
Commission to Poblic Health Association, 18372; Med. Record, November 30,
1878.

| Dr. E. H. Barton (report Sanitary Commission on yellow fever at New



36 YELLOW FEVER ON U. 8. STEAMER PLYMOUTH.

ence of decomposing organic matter, these conditions alone are
not sufficient for the production of the disease. A filthy ship,
in the hot and moist elimate of the Woosung River, for example,
although certain to be an unhealthy snip, will never develop
vellow feveron board. The disease originates only within cer-
tain geographical limits, and even when exported thence in a
state of activity it rnns its course only for a single season. Al-
thoungh capable of becoming exotically epidemic it has never
yvet become endemic outside of its geographieal habitat. It is
clear that there is a something necessary to the produetion of
vellow fever which plays the part of a seed, besides the eondi-
tions favorable to the appearance of zymotie diseases in general.
But, and in this regard it presents a marked peculiarity, it is not
always active even within its own geographical limits and under
the favoring circumstances of heat, moisture, and a nidus found
to be snitable in epidemic seasons. There have been long pe-
riods of intermissions alternating with epidemies even in those
localities most subject to the disease. The following table, from
Féraud, who has examined the evidenee relating to each epi-
demic oceurring at Martinique since 1302, affords a striking
example of this taet.*

- B e B L e e
1805 to 1816 .._.. R P D e P SRR e 1
B L B B o o

Orleans in 1853, p. 295), after a lengthy discussion of the importance of hu-
midity as a factor in producing disease, asserts that * we have never had an
epidemic af yellow fever in thiz country without this combination ” of a ** nearly
(and indeed often) saturated atmosphere with high temperature.” (The
itulics are Dr. Barton’s.) Inatable to be found at page xiii of the introdue-
tion to the same report the meteorological averages of fifteen epidemics are
given, as follows: The average duration of the epidemics was 58.33 days;
the average mortality per 1,000 was 13.3.

Average temperature in ahade at beginning of epidemic. coveeevveviiccnceccnsannna- 8014
Average temperature in shade at maximam of epidemic...... ccccevencerccmnnecnanns 79, 60
Average temperature in shade at declination ofi epidemic. ... .. ... ... ......... 65,72
Average humidity at beginning of epldemic. . - cccooo i i imciic e acieanameaae OOH
Average homidity at maxionm of epldemic. .o cceca e oo e e s e =65
Average humidity at declination of epidemie. ......ccovnno oo i caiana, V55

Satnration being 1,000.

See also Féraud, p. 79. Report of weather at 3t, Thomas and S8anta Cruz.
anle, p. 14. The average humidity on the berth-deck of the Plymouth in
month of November, 1373, during first outbreak, was 790. (See diagram,
p.47.)

* Op. cit., p. 57.
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Ly o e T e L e L i S e - TS Intermission.
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234 e e R TR L A e e Ipidemie,
1232 to 1844 Epidemi
b L B T | e L L p 1 Pl e ey [ntermission.
B EER s C e cetanna el sl et s et v sz pidemis:
TR TR L e e s s Tt et s o

The mean period of intermission was found to be 9 years and
1 month; of epidemie continnance 13 yvears and 5 months; and
of 193 years concerning which there were records at Martinique,
there were 107 of epidemic and 91 of immunity.*

Some curions facts have been recorded by this exeellent ob-
server as to several of the epidemic periods at Martinigue.
“#All things being otherwise equal, yellow fever has not the
same epidemic intensity at all times—and it is thus, for exam-
ple, thatit continues withont mterruption from September, 1802,
to April, 1804, twice passingoverthe cool season without relax-
ing its violence ; then from 1804 to 1805 it rages during the
heat and sleeps during the relatively cool season. In 1806 its
benignity is much greater than i previous years; in 1807 and
1808 it seems to have no longer the power to reach any but
new arrivals, sparing at this epoch those who already passed
some time in the eolony.”t During the period of intermission
from 1358 to 1869, on the other hand, yellow fever was four
times imported into the military hospital without producing any
epidemic or infecting any other person. And this notwith-
standing the frequent presence of unacclimated French troops,
on their way to and from Mexico, in the ports of Martinique.f
At one time the activity of the poison is so great that it passes
over the cool and dry seasons with undiminished intensity, con-
tinuing with progressively diminishing activity, until, just before
its final disappearance, only the most susceptible subjects are
attacked. At another time even the repeated importation of the
disease and the abundant presence of unprotected individuals
are insufficient to exeite the activity of the poison.

La Roche § has collected a mass of evidence whieh tends to
show that neither exeessive humidity nor exeessively high tem-
perature are sufficient to determine the * epidemie constitution,”
nor have the vague deseriptions of ¢ yellow-fever weather,” nor
T *P.70 tP.12. f P 4142, § Vol. 1L, p. 90 et seq.
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the equally vague reports of blights, molds, early putrefaction,
and epidemics among the lower animals been found to be suf-
~Miciently precise to bear scientific examination. Yet there is
little room for doubt that a fifth condition, in addition to high
temperature, humidity, a suitable nidos, and the presence of
the poison itself, 18 necessary to the prevalence of an epidemie
of vellow fever, Those authorities npon whose trustworthiness
we place most reliance are of the opinion that this fifth condi-
tion is meteorological, and, indeed, it is difficult to snggest any
other plansible explanation of the apparently capricious beha-
vior of the disease. Féraud, after a full disenssion of the evi-
dence, concludes that ** sometimes importation, sometimes spon-
taneous origin, have been the cause of an epidemic of yellow
fever at Martinique; but this importation and this spontaneous
generation have not been fecund exeepting under the condition
that they ocenrred at a propitions moment, not only of the sea-
son, butmoreoverof aperiodof several years, * *# * #* (The
best conelusion is to admit that, 1st, there must be a special
atmospheric condition; 2d, nnderthis condition importation has
sometimes been the cause of an epidemie, and it is possible that
spontaneous generation has also produced it.”

In another place Féraud compares the progress of the dis-
ease from island to island to a “slow hurricane,” increasing or
diminishing in its are aaccording to cireumstances, and requir-
ing six, twelve, or even fifteen years to bring about the neces-
sary atmospheri¢ conditions. 1

The sanitary commission at New Orleans refers to the *very
peculiar meteorological conditions” attending the epidemie in
that city in 1853,§ and Dr. Barton, a member of the commis-
sion, lays especial stress upon the solar radiation observed dur-
ing “yellow-fever weather,” whereby an extreme difference of
temperature is observed between the sunshine and the shade. ||

The first successful attempt to accurately define any of the
meteorological conditions present during yellow fever (other
than those pertaining to heat and moisture) known to us is ex-
pressed in a very interesting letter from Dr. Charles Finlay to

* P, 103, tP. 104, -t P. 100. § Report, p. 503,
[ This circnmstance has, however, been frequently noticed in climates not
subject to yellow fever, such as those of S8yria and the East Indies.
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the Havana commission of the National Board of Health. Dr.
Finlay finds that—

1st. The Havana atimosphere is constantly and strongly al-
kaline.

2d. Its alkalinity increases from May to Augnst, decreases
from September to December, and remains low from Janunary
to April or March.

3d. In all parts of the island where the alkalinity of the air
has been tested it has been found to exist, but to a less degree
than in the city of Havana,

4th. The volatile alkali of the Havana atmosphere shows a
tendeney to form aeid salts whenever the acidulated litmus
contains an excess of sulphuric acid, thereby indicating a weaker
base than ammonia and suggesting some volatile alkali of the
“eompound ammonia ” (amide?) type.*

The considerations thus far prezented tend, in our apprehen-
sion, to the conclusion that the poison of yvellow fever is not
only a material substance, but a definite organism, capable of
reproduction and selt-multiplication under the ciremmstances
favorable to the growth of other organisms, whenever to these
cirenmstances is added an undetermined factor, presumed to be
meteorological.  Even should the disease prove to be due, as
suggested indirectly by Dr. Finlay, to an unorganized product
of the growthof suchanorganism, the necessity for the assumyp-
tion of an organism as the elaborator of such a produet remains
as urgent as if the prime cause be supposed to produce disease
by its multiplication within the body. Further considerations
which tend to the same conclusion are—

First. The tact that a period longer than the actual ineuba-
tion of the disease is found to elapse between exposure to the
original infection and the oceurrence of the first ease. In the
Port Royal Hospital, as recorded by Inspector Donnet (see p.
50), this period of germ incubation, so to speak, is to be found

= S — R

* Preliminary Report, pp. 1%, 19. Dr. Finlay also calls attention to the
fact that some of the remarkable phenomena of yellow fever—e, ., hemor-
rhagic tendency, softened and spongy guws, albuminous urine, and gastric
irritability—resemble the effects of intoxication by a volatile alkali such as

ammonia.
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within the limits of the eighty-one days which elapsed between
November 29 and February 16 ; or, since it was not until May
that the hospital was reported as fully infected, one hundred
and fitty days. The Plymounth had beenabsent froman infeet-
ed port (St. Thomas) ten days when the first case appeared,*
a cirenmstance which led Dr, Woolverton to infer that the dis-
ease resided within the ship. The Saratoga had been in the
harbor of Havana twenty-eight days when the first case ap-
peared.t * The first case of yellow fever occurred in the city
of Pensacola in the beginning of Aungust, 1874, and about
thirty days after the arrival of the infected vessels in gnaran-
tine.”i At the navy-yard, Pensacola, in the same epidemie,
the disease spread rapidly after sixteen days, two light cases,
not at onece diagnosed ag yellow fever, having ocenrred at the
intervals of seven and nine daysrespectively. These two men
had been in attendance on the fivst ¢ase, which was fatal.

The Brooklyn arrived at Rio de Janeiro onthe19th of March,
1875, and took in coal andstores.  No feveroccurred until April
3, when the ship was at Cabo Frie, whichisconsidered ahealthy
port.§ * Vessels which become infected are usually here (at
Pernambuco) from fiveto ten days before thediseaseappears on
board.”|| The Jamestown lay at Panama from the middle of
November nntil the 30th December before the appearance of
vellow fever.q]

It would be easy to multiply recorded instances which tend
to show that a considerable time elapses between exposure in
an infected port and the appearance of an epidemic on board of a
ship, although it is impossible to define the exact time of the
importation of the poison on board.

Furthermore, in most of the instances above noted, after the
departure of the ships from infected ports, cases continued to
oceur with increased frequency at sea, so that, as has been
already stated (p. 32), the medical officers became convinced
that the disease resided inthe ship, and was not propagated by
contagion wholly, if at all.

* Dr. Woolverton, Hyg. and Med. Reports, 15879, p. 691.
t Dr. Pilcher’'s Report, loc. cit. t Dr. Tryon, loe. eit.
§ Dr. Bates, loc. cit. . || Dr. Hoehling, loc. cil. 9 Dr. Bloodgood, loe, cit.

e e o e e o e e e mm o
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Second. Minute algoid growths, popularly classed as “Dbac-
terial.”* have been observed in the blood of persons and animals
suffering from several different diseases, and have been found
eapable of execiting similar diseases when injected into the
blood of healthy subjeects, even after having been dried and
kept for a long period.f

So widely is the connection between these microscopie organ-
isms and various diseases accepted, that the prevailing specific
nomenclature of the order is based upon it.f In the current
number of the London Lancet (May, 1880) there are no less than
three different articles, setting forth the close connection and
specific relation between these organisms and various diseases.
Besides the lecture of Dr. Greenfield already eited,§ it is re-
corded that at the meeting of the Royal Medical and Chirurgi-
cal Society on February 24, Dr. H. Vandyke Carter presented
a paper detailing the results of forty-four inoculations of the
blood of the * famine fever™ of Bengal upon monkeys., Dr.
Carter showed the identity of this disease with the * relapsing
fever” of Europe some two years ago, as well as that spirillum
is present in the blood during the febrile paroxysms., Of 31
inoculations with spirillar blood 22 were successtul, and 9 failed.
Nineinoculations withnon-spirillar blood, and 7 with desiceated
blood, gave negative results.|| M. Pasteur announces to the
Aead. des Seiences the discovery that the very fatal disease called
“ ¢ghicken cholera ” is due to the presence of a microbion, whieh
is capable of produeing the disease by inoculation. (P. 459.)

Now, while none of these facts afford any evidence that the
poison of yellow fever is a micrococeus or a bacillus, and there is
even the strong negative evidence aftorded by the microseopie

* Micrococeus, Bacterium, Vibrio, Bacillus, and Spirillum, constituting Cohn’s
natural order Schizemycetes, and multiplying by transverse fission. See Dr,
Ant. Magnin, Les Bactéries, Paris, 1878, pp. 50-51, and W. 8. Greenfield in
Lancet for May, 1830, p. 397.

t Koch's experiments on carbon ; Rev. Scientifique, Fevrier, 1577, p. 794.

fThos we have Bacillus anthracis Cohn (Davaine), Micrococens vacecinie
Cohn, M. diphtheriticns Cohn (Hallier), M. Seplicus Cohn, M. de la variole
des animanx Hallier, M, de la scarlatine Hallier, M. de la syphilis Hallier, etc.

9 On the Pathology of Infections and Contagions Diseases. Lancet, May,
1880.

| Pp. 437, 438,
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researches of Dr. Sternberg, at Havana, in 1879,* the facts
above cited are highly suggestive, from the evidence which they
aftord of the important part played by low organisms in the
cansation of disease. The processes of putrefactive fermenta-
tion, and of disintegration, are due to the multiplication of organ-
isms nearly related to those already referred to; and as one
form produces alcohol, another ammonia, and another lactie
acid, all agents capable of powerfully affecting human health,
by the changes produeed in the proeesses of their nutrition, it
is quite reasonably conceivable that a new toxie agent, known
as yet only by its effects, may result from the development of
the yellow-fever germ, supposing it to belong to the same class
of organisms.t  And as the diseases just mentioned, which are

* 4 No organism in the blood of yellow fever, demonstrable by the highest
powers of the microscope, is shown in any specimen photographed immedi-
ately after eollection.” Prelim. Rep., p. 6.

t M. Musenlus has shown (Journ. Chim. et Pharm., 1876, t. xxiii, p. 246),
that a soluble ferment can be extracted from decomposing urine by the ad-
dition of strong aleohol. A precipitate falls which, having been filtered
and dried, and showing no trace of organization, transforms urea into carbon-
ate of ammonia, M. Magnin snggests that as the researches of Miiller, Jae-
quemart, and Pastenr have seemed to prove that the alkaline fermentation
of the urine is due to the presence of Micrococeus uree, Cohn, this** diastase "
must be a secretion from the mierococens, and, perhaps, the actual part
played by the organismn in such a fermentation is limited to the production
of the diastase. Op. cit.,, p. 18, It is interesting to observe that this partica-
lar ferment operates only in an alkaline lignid {see p. 39).

In dust allowed to settle from theairof yvellow-fever wards and of the spiled-
linen rooms of the military hospital at Havana, and from infected localities
in'the United States (Morgan City, Centreville, and Bayou Beeaof, La.), were
found certain slender glistening acicular erystals radiating from little opaqne
magsses, which attracted partienlar interest, inasmuch as similar bodies had
not heen found in duost from other localities (many of which had been ex-
amined) np to the date of the * Preliminary Report.” These acicular bodies
appear not to be organic, being soluble in water. Their significance can
of eonrse not be determined until after further investigation.

Sines the preceding paragraph was sent to the printer small acicular
crystals, quite similar to the photomicrographs of these bodies (for which
we are indebted to the secretary of the National Board of Health), have
been frequently observed upon glass slips exposed to the air of varions
apartments in Washington during the months of June and July, 1830, At
that time there was no case of yellow fever in Washington. In the course

b i s it







EXPLANATION OF PLATES.

Fi1G. 1.—Copy of photomicrograph taken by Havana Commission, 1879, at
military hospital, Havana, showing rod-like forms deposited
from the air, > 400.

Fi1a. 2.—Copy of photomicrograph taken by Havana Commission, 1879, at
Morgan City, La., showing 'radiating acicnlar forms deposited
from the air, > 200.

F16. 3.—Rods and radiating acicular crystals formed upon glags slip ex-
posed to 'the air of mieroscope-room, Washington, D. C., June
19, 1880, x 240.

F1G. 4 —Radiating acicular erystal formed npon watch-glass exposed to the
air of a bed-room, Washington, D. C., July 29, 1880, » 312.

Fi1G. 5.—Crystals of potassinum sulphate, artificially formed from a very
dilute solution, x 312.

FiG. 6.—Crystals of sodinm butyrate, artificially formed from a very dilute
solution, x 240.

Fia. 7.—Acicular crystals artificially formed from a solution of sodinm ear-
bonate, x 240,

Fig. 8.—Crystals formed from a very dilute solution of sodinm carbonate,
X 240.
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characterized by the presence of the germ itself in the blood,
are, from that very tact, strictly contagious as well as infectious,
so wonld a disease resulting from a secondary toxic agent be
necessarily not contagious, as not reprodoneing the primary ex-
citing cause by the processes of its own clinieal history.
Third. A conspicuous characteristie of low vegetable organ-
ismsisacertain protective polymorphism,whereby they produce,
besides their proper spores, one or more spore-like forms (con-
idia, selerotia, microzymes), which remain passive so long as the
surronnding conditions are unfavorable to their further devel-
opment, and are endowed with a remarkable power for resist-
ing extremes of heat and cold. The selerotia of many hypho-
mycetous fungi are inclosed in a hard coriaceous integument,
which effectually protects them against the winter’s cold, and
within which they retain their potential vitality until the warmth
and moisture of the ensuing spring awaken it. Then, after
a period of growth, variable according fo the species, during

of experiments nndertaken for the purpose of discovering the natare of
these appearances, it was found that some forms are closely simulated by
the slow erystallization of dilaote solutions of sodinm carbopate and sodinm
butyrate upon glass slides. The needles radiate from an opaqne central spot
of irregunlar ontline, which appears to be sometimes an unrecognizable par-
ticle of dust, sometimes a portion of the salt in a state of partial deliques-
cence. When the relative humidity of the air rises above the proportion of
75 parts in 100 the crystals are apt to disappear, throngh delignescenece,
leaving minute globules of lignid so disposed as to faintly indieate their out-
line. Other photomicrographs taken by the Havana Connnission represent
microscopic erystals in the form of rods which are elosely simnlated by potas-
gium sulphate and ammonium sulphate when erystallized from dilute solutions
apon glass slips. Photomierographs by these erystals, of both spontaneous
- and artificial production, are presented herewith. The moisture condensed
from the air upon clean glass vessels containing ice, at various times, has
been found to contain ammonia, chlovine, sulphuric acid, carbon dioxide, cal-
cium, potassium, and sodiumw. together with epithelial scales and various solid
bodies. Theevaporated aud incinerated residue from specimensin w hich car-
bon dioxide bad not beeu detected effervesces Faintly upon the addition of a
strong acid, from which we were led to snspeet the presence of an organic
acid. The condensed moisture was in all cases nentral to test paper. Fox
(Water, Air, and Food, Philada., Lindsay & Blakiston, 1378) figures erystals
bearing some resemblance to those in question, as deposited from the air,
which he conjectures to be ammoninm chloride (acienlar erystals), and sodium
sulphate (rods). We have not succeeded, however, in prodocing the forms
figured by him from these salts,
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which mycelinum only is produced, true spores are developed,
and the plant may be said to have reached maturity again and to
be eapable of giving rise to new individuals.* Asexual spores
(conidia) arve found in some members of most families of fungi,
and the bacterial forms (Schizomyeetes) after multiplying by
fission until the supply of appropriate pabulum in the liguid
they inhabit has been exhausted, pass into what has been called
the * granular stage,”t the mierozymes of Béchamp.i Whether
these are the trme spores of bacteria or not must be considered
as still nneertain, since Dr. Burdon-Sanderson § found that the
adult form could be produced by germs so minute as “not to
be distinguishable under the highest powers of’ the microscope,”
while their actual presence was proved by the faet that the
liguid econtaining them lost its fertility after being boiled.

Fourth. The bodies of those who have died of yellow fever
are decomposed with nnusual rapidity, as though the processes
of putrefaction were already somewhat advanced before death
had actually occurred. The fluidity of the blood, frequent
absence of rigor mortis, and peculiar strong odor, also suggest
thesameidea. Decomposition of organized bodies is sodepend-
ent upon the life of lower organisms, that Pasteur has ex-
pressed his belief that without their intervention (mucedines,
molds, bacteria, ete.) *dead organized matter would be almost
indestructible.” ||

It is diffieult to account for the remarkable rise of tempera-
ture after death, unless it be supposed that unusually rapid
chemical changes are going on. Thus Dr. Marvin, house phy-
sician to the yellow-fever hospital at Louisville, Ky., records,
in an analysis of 70 cases there treated, that *just before
death the temperature generally fell to 97°. After death it
gradually rose, sometimes to 106}° in the axilla, the body re-
maining warm for twelve hours.” 4|
D, C. S, Mercier reports ** the ease of a German woman who

* Fungi, N. Y. International Scientific Series, 1875, p. 47.
t Magnin, op. cil.

t{ Comples rendus, Ixviii, 877,

4 Rep. of Med. Officer of the Privy Couneil, 1870, p. 49,
i Watt’s Dict’y Chem., 1879, vol. vi, p. 613.

T Med. Record, December 21, 1878,

** N. 0. Med. and Surg. Journal, Sept., 1878,
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died at the Charity Hospital, at New Orleans, of yvellow fever,
with a temperature of 111°(1012?2)in the axilla two hours before
death, of 105.5° in the axilla, and 1092 in an incision made
through the abdominal walls five hours after death.

The parallelism between these traits in the behavior of the
microscopic organisms referred to, and of the yellow-fever poi-
som, seems to be sufficiently obvious to establish a strong proba-
bility of relationship. Suppose the poison to be, for example,
a fungus, capable of development ountside of the human body,
that, under favorable conditions, it is rapidly propagating
itself on shore, and that a person receives its active spores upon
his clothing, and its infective produets (whether primary or
secondary) into his system, carryving them to a ship with him.
If the conditions in the ship are not those tavorable to the con-
tinued inerease of the organism and to the development of its
toxic produets, there will be no further extension of the disease
than to those persons exposed to the guanfity of poison im-
ported. If the conditions are favorable the disease will become
almost immediately epidemie.  If favorable conditions are not
present on shore, but are in the ship, the germ may be brought
oft’ in its passive state and spring into aetivity on board, in
which ease a eonsiderable interval will elapse before the poison
reaches maturity, and the epidemic will appear to have arisen
spontaneously within the ship. If the eonditions are not favor-
able either on shore or atloat, the poison, in the form of conidia,
selerotia, or mierozymes, may remain passive for an indefinite
period, until the proper conditions are presented, as in the rare
instances of a first ontbreak at sea after a long period spent in
a northern port, and with no history of a previous epidemic.*
Or, asin the cases of the Plymounth and Susquehanna (see p.
27), the organism may, after reproducing itself for a time,
lose its activity, owing to change of climate, to propagate itself
anew as soon as it 1s again placed amid favorable conditions.
In short, it is possible to account for all of the apparently in-
consistent phenomena of yellow-fever epidemics by referring
them to thoroughly well-established facts in the natural history
of vegetable organisms whose life history is known. It may

*The General Greene, e. g., La Roche ii, p. 435.
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even be, considering the probability that a peenliar meteoro-
logical condition is necessary to the development of vellow fever
as a disease, that the disease and its organic canse are by no
means so closely conneeted as has been supposed, but that the
latter may be always present within its geographieal habitat,
while the former can only be produced when a not always pres-
ent pabulum has been supplied, from which the toxie agent
necessary to the causation of the disease may be elaborated. In
a similar way the same vegetable ferment may give rise to differ-
ent produets, according to the conditions under which it is
placed. The *mother of vinegar” ( Mycoderma aceti, Pasteur),
for example, when submerged in an aleoholie liguid continues
to reproduce itself, although its reproduction is no longer at-
tended by the formation of acetie acid, as when the plant had
free access to oxygen, but by the produection of water and car-
bonie acid. The same result follows when the organism, remain-
ing on the surface of the liguid, has consumed all the aleohol
present.*

We have thought it proper to recapitulate the arguments
which have influenced our coneclusions with regard to the canse
of yellow fever thus in detail for the reasons that they must
necessarily,in the absence of directevidence, restupon analogy,
and that the practical results to which they lead seem to us to
be of sufficient importance to require a full statement of the
consideration upon which they are based.

It results from the foregoing discussion that if, as we are
inclined to believe, the cause of yellow feveris a produet of the
development of a microscopic vegetable organism, there is as
little hope of success in attempts to keep it out of a ship by any
practical measures of quarantine, as the * spontaneons genera-
tion” controversy has shown that there is in maintaining the
freedom of ordinary water from the presence of organic germs.
Coal and provisions are necessaries which cannot be dispensed
with even in infected ports, and the former of these has a par-
ticularly evil reputation as a earrier of the yellow-fever poison.

Of the five concurrent conditions which appear to be neces-
sary to the production of an epidemic of yellow fever, namely

* Duclaux, quoted by Magnin, p. 116.






e -vvife gy e ey v bavmen s gevp g
.U-._J.w\un' e .__.H_J.____ ......+...____. .:........-.-n....a ..w._..._...1..l._=m -.‘....r...-q-.#..__....ﬂ.
gerd pil gi TEm Qg eogmay 0% T .-....m_.___.._....u..x_.-_ - o ....-..d-\__.:.W_.__

5
_ﬂm. w_.. e
aT L ] L
e el 7 aglseg] #re . S Semags
Frme Al P ' ApsEg L L §
B i e, .\\\ o
¢ 2 freed x|z Ar V Inﬂp Gk
o ot munr: 2| o i elans & ey
=rmy Jary “ri) B E
b re o e
£ i ", I / ﬁa..w&u
bt e NP O o 5 ] ki ¢
....k...._.l..a...ur..-_.......# R ;
ey s fetupe £
W T 4
Vi Py ey fiers| | dre wnirrir
vty 0| / ﬁ v bdar
.-.....,_...-.-111....1_...”._ s bﬂ e | fre J \ _..Wr...ﬁ A‘rl- TR
—._...__._..n.ﬂ...m..ﬂ-._ w0 ll_...__.ﬁ._ _q..._\_n.. T
B 5
.._.__._....ﬁumﬂqﬂ el g g lexplred|ges F Aa_n._._ Fryrsssyy
= )
3 ..-l__._. m
h...”._..ﬂ.._n._..u-:a.; ! A & |rr| W)z / V \\n\. TagarEy
e .
b Yol _.:h.-:..:l.ﬁﬂ [l
A wdrtremm] e | fe by ey 3 sy
o S V \_ .
O R W I Y T A \, M gy
i v L~
g e bepip | e | A Lt LS| e _... ah__ Mw .\.\ ._._.___.a_m._
£l & X _
SNy S st | eS| [ 4 |- 71 RS L) i wem win [Yowioe | i omeow | wem. w1 Weu h...._mu___
e .m.-ﬂ:...r-..ll .I.....m o v P e o Pt el .I.F”....-.I..“Flll T e e )

waalnag ..II__U_...:C:._.__....”..M Pl o # i

T wa eperiioy ”__!.....u_..._.\_-...l..._. rigf

= fall ._._.n_._____._‘ Tw

vy emtn T peibii

o ._.___



YELLOW FEVER ON 1. 8, STEAMER PLYMOTUTH. 45

high temperature, humidity, a suitable nidus, a pecular me-
teorological state, and the presence of the germ, only two are
such as can reasonably be expected to be preventable, and these
two are humidity and a suitable nidus. Experience has shown
that something can be done in the way of preventing invasion
of the poison by way of the atmosphere, by anchoring at a dis-
tance from the shore® and by restricting intercourse with the
shore in infected ports to as few persons as possible and to those
parts of the day when the air is at its driest. Such precautions
as have been found useful in this regard will be set forth in
another place under the head of sanitary regulations.

The series of graphic representations (similar to that of the
Plymouth, hereto appended) now in course of preparation from
the records of meteorological observations at the Bureaun of
Medicine and Surgery show that the saturation of the berth-
deck air is often greater than that of the external air, and that
there is a remarkably close correspondence between the degree
of humidity of the air and the daily average sick-list. It is,
so far as we ean learn, the unanimous opinion of the mediecal
officers of the Navy that the practice of wetting and holyston-
ing the decks below the water-line is the principal cause of this
unwholesome humidity, and that it should be discontinued.t
In this opinion several distinguished officers of the line who
have tried the experiment of maintaining dry decks heartily
concur.f Commander Sullivan D. Ames, for example, has
informed a member of this board that by the use of a judicions
mixture of yvellow ochre with shellac he has sueceeded in cover-
ing the berth-deck of a ship in which he served with a water
proof coating of sufficient firmness to be permanent, and which
was much more easily kept elean than the bare planks. 1Inthe

* Bee Dr. Daniel M. Burgess’s letter to Havana Commission, Prelim. Rep.,
p- 12

t “A ship muost be kept dry to be kept bealthy.” * * * “Theevapora-
tion from a wet deck supplies water enongh to the atmosphere to raise it to
its point of saturation.,” Med. Insp. A. L. Gihon, Naval Hygiene, Wash-
ington, pp. 35 and 33,

{ In this conpection see “Air and moisture on shipboard ” by Medical Di-
rector Thos. J. Turner, Hyg. and Med. Reps., 1879, p. 667, Scarcely a medi-
cal report is received that does not refer to this evil with greater or less full-
Ness.
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French navy the hygienie importance of dryness has long been
recognized by regulation. Omn this subject M. Bourel-Roneciére
writes in a paper published five years ago: *

“The results of the care given to our holds, in squadron, are
truly remarkable; these holds are dry, without odor, as white
at the time of anchoring as any other part of the ship, and so
healthy, as we have already seen, that we can without injury in
some of the corvettes assign sleeping billets to several men in
the very run of the ship. What better proof ean be desired to
demonstrate the superiority of the drying method over the sys-
tem of cleansing by washings with strong eurrents of water ?
Perhaps no partof the ship is so minutely cared for and looked
after ; the method is the same in all ; the results leave little to
be still desired; a little more air in these depths and there will
be really nothing further of practical utility to be asked for.”

And again : ¢ Dryness and ventilation ; these are the two cor-
relative terms of the problem of the salubrity of vessels.” f

The “method” to which M. Ronciére alludes consists essen-
tially in the nse of small accessory drying-pumps, worked by
hand, which extend into wells in which the last portions of
water have been collected. To the accuracy of the above testi-
mony to the dryness of French men-of-war below the water-
line, the members of this board ean bear witness from personal
observation.

An important factor in reducing the humidity of the air below
decks in men-of-war is ventilation ; not only by means of wind-
sails, open hatches, and free communication between the dif-
ferent parts of the ship, but by aspiration, as in the admirable
device now in use in the Richmond,f where its sucecess is at-

*“Contributions & 'Hygiéne des Cuirassés, par le Dr. Bourel-Roneiére,
Méd. prineipal de Vescadre d’'évolation., Archiv. de Méd. Navale, Mars.,
1875, p. 168.

tP. 174.

i Vide Report of Surgeon-General of the Navy, 1579.

Dir. Bourel-Roncigre gives two interesting citations from Le Roy de Meéri-
court (Rapport surle progrés de'Hygiéne Navale, 1867), bearing on the history
of this device with regard to the potential nsefulness of the boiler fires * in
supplying an energetic aeration having for its end the lowering of the tem-
perature at the same time that it diminishes the homidity ;” and again: “On
the day when a thorough air communication between all parts of the interior
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tested by all on board. By such forced ventilation the air
below decks can be made even drier than that outside of the
ship, and other important advantages gained which will be
referred to later,

All organic matter in a state of decomposition is popularly be-
lieved to favor the development of the yellow-fever poison. In
the Plymouth, as has been already stated (p. 21), a most offen-
sive deposit of rotten beans was found near the sleeping billets of
two fatal cases. Dr. Rush attributed the origin of the epidemic
at Philadelphia in 1793 to a quantity of damaged coffee, emit-
ting an offensive odor, which had been thrown upon one of the
wharves just before the outbreak.*

An outbreak on the sloop Mary, sent to Philadelphia in 1799
as a prize to the Ganges, was thought to have been caused also
by coffee decaying in the hold and interstices.t Dr, Crawford
(Medica Nautica, quoted by La Roche) recorded the presence
of a large quantity of damaged coffee and sugar in a merchant
vessel in which yellow fever appeared at Port an Prinee. The
pages of La Roche are full of citations wherein vessels affected
with yellow fever were afterwards found to contain large de-
posits of filth made up of shavings and various refuse of other
Lmdsi Such deposits are likely to be pmsent between the

shall be established in Hvery thp, mncurmnt]y with an arrangeumnt of
aspirating tubes entering into the very construction of the ship, and com-
municating with the funnel, the furnaces, or the bases of the hollow iron
masts, the ship will breathe of itself, like a living organism” (** Note sur 'influ-
ence des transformations des construetions navales sur la santé des équip-
ages.” Bull. de 'Acad. de Méd., 16 Octobre 1866), loc. cit.

The first mention that we find of ventilation by aspirafion is *“ An account
of an instrument or machine for changing the air of the room of sick people
by either drawing ont the foul air or forcing in fresh air, or doing both sue-
cessively, ete.,” by Dr. J. T. Desaguliers, F. R. 8., printed in the Transac-
tions of the Royal Soeciety, vol. xxxix, p. 41. The machine *“was shewn
the Royal Society the 13ih day of June, 1734,” and consisted essentially of
a wheel 7 feet in diameter and 1 foot wide, *divided into 12 cavities by
partitions directed from the cirenmference toward the center, but wanting
9 inches of reaching the center, open towards circumference and center, and
closed at the circumference only by the case in which the wheels turns.”

*An account of the Bilious Remitting Yellow Fever as it appeared in
Philadelphia in 1793, Philadelphia, 1794, p. 153.

t La Roche, ii, p. 433.

FP. 421, etseq

4
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frame spaces and beneath floors in ships when every eare has
been taken tokeepall accessible partscleanand sweet. Between
the frame spaces of the Plymouth, for example, which was a
well-kept ship, we found large semi-solid masses, which proved
to be made up almost entirely of bacterial organisms ( Micrococ-
ens in the zoiglea stage and Microbacteria), for the production
of which we are at a loss to account; whether these deposits
had or had not any direet connection with the outbreaks of
yellow fever on that ship we have no data for deciding, but they
show at least that the conditions in the parts referred to were
unusually favorable to the growth of one class of low organisms
nearly related to those believed to be productive of zymotie

The aspirating pipe was attached to the center of the case, while an ountlet
pipe communicated with the circumference. On turning the wheel by a
crank air was driven toward the cirenmference by centrifogal foree, and
drawn in by the aspirating pipe, which eommunicated with the apartment
to be ventilated. The action was to be reversed by changing the connec-
tions. At abont this time, and later, there is frequent mention in the Trans-
actions of a ventilator devised by Rev. Stephen Hales, and introdonced with
remarkably good results into various ships; the * Snceeas” frigate (Trans.,
xlv, p. 410) and the ‘*Earl of Hallifax" (xlvii, letter from Capt. Henry
Ellis), for example. Idr. Hales writes to a friend (Trans., xlv, p. 410) that
he had given an account of his invention, which appeared to be a mechani-
cal contrivance, to the General Evening Post in September, 1747, but we
have not fonnd any detailed dezeription of the apparatusin the Transactions.

On February 11, 1742, Dr. Richard Mead read to the Royal Society (Trans.,
xlii, p. 42} ¥ An account of Mr. (Samuel) Sutton’s invention and method of
changing the air in the hold and other parts of a ship,” which appears to
be the first instance of aspiration by heat for the purpose of ventilation.
Mr. Sntton proposed to close the fireplace and ash-pit of the ship’s coppers
by tight iron doors, and to lead a copper or leaden pipe of sufficient capacity
from the ship's hold, bread-room, ete., into the ash-pit. *“And if into this
principal pipe so laid into the hold other pipes are let in, communicating
respectively either with the well or lower decks, it muost follow that part of
the air consumed in feeding the fire must be respectively drawn ont of all
snch places to which the communication shall be g0 made.” From a paper
read by Mr. William Watson (Trana., xlii, p. 62), it appears that Mr. But-
ton’s plan was tried on board of the hulk, at Deptford, onder Dr. Mead’s
superintendence, in presence of the Lords of the Admirality, the Commission-
ers of the Navy, and the President of the Royal Society, with thorough sue-
cess, lighted candles being extingnished by the indranght into the tubes.
The apparatus of Dr. Desaguliers is almost identical, as figured in the
Transactions, with the “magazine ventilators” in common nse in our Navy
some twenty years ago.
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diseases, and may be presumed to have been favorable to the
growth of others.

Coal has been often credited with being the fomites by which
the disease has been imported and its mortality maintained.
The inhabitants of many infected ports, Key West, Rio de Ja-
neiro, and St. Thomas, for instance, maintain (erroneously, as
the records show) that the prevalence of yellow fever in those
ports began with their use as coal depots. Coal was taken
into the Plymouth at St. Thomas shortly before the appearance
of the disease. The first case was a man employed about the
galley, and the greatest number of cases occurred exactly over
the coal-bunkers on the port side of the berth-deck. The Brook-
lyn (see p. 40) had taken in coal at Rio de Janeiro shortly be-
fore yellow fever appeared, and the recent outbreak in the Ma-
rion was attributed to coal received at the same. port.

While all decomposing organic matter is to be looked upon
with suspicion, and it may be that coal is more dangerous in
this regard, according to a belief widely prevalent in the Navy,
than ordinary filth, there is one substance, unfortunately fre-
gquently to be found in our men-of-war, which appears to be
particularly closely connected with the produection of the dis-
ease under consideration. Rotten wood has been repeatedly
singled out as the essential agent in promoting the develop-
ment of yellow fever. The condition of the Plymouth in this
regard has been already described at length (pp. 20, 21, 22),
and Dr. Woolverton declared his own conviction that the in-
feetion was *“ confined to the hull of the ship, and particularly
to the rotten wood about the berth-deck. * * * Ifis con-
eeivable that the materies morbi, which we thought had been
destroyed by cold, may have been able to exist in a dormant
state in the thick porous knees or beams.”*

The Medical Board which reported upon the epidemic of 1873
at Pensacolat deseribes as “ decayed wooden sheds” the hospital
buildings and marine barracks, which Dr. Tryon had already
reported as infected, and as the localities where the disease first
appeared.i Surgeon Sternberg states that ‘“the presence of

"~ *Hyg. and Med. Reps., 1879, p. 695.
t Idem., p. 704.
§ Loe. cit., p. 467.
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decaying timbers, such as are found about all frame houses,
ships, and wharves, is favorable, in some manner, to the pres-
ervation and increase of the disease.”™ Br. Billings gives the
same eonclusion as an aceepted fact;t and Deputy Inspector
General Donnet states, more eantionsly, that ‘““the outbreaks
on board the Cadmus and Nettle have been partly attributed
by some to the putrefving process of rotten wood-on these
ships.”f Numerous similar instances are cited by La Roche.§

On the other hand there is good evidence to show that when
yvellow fever has appeared in sound and well-kept ships, it has
frequently not sueceeded in gaining a foothold. In the Mo-
nongahela, for example, yellow fever occurred three times dur-
ing the years 1874275, without extending to the ship’s com-
pany in general| The Monongahela was a new ship, and had
been unusually well eared for owing to the discomfort suffered
from a foul bilge at starting on her eruise.

The decay so prevalent in the timbers of ships is due to “dry
rot,” which is the result of the growth of various species of
Polyporus, a genus of Hymenomyeetous fungi, the fructification
of which occurs within pores on the under side of the pileus
(fruit-bearing organ). The microscopic white threads (mycelium)
which constitute the body of the plant, penetrate between the
bundles of woody fiber and are nourished at the expense of
their constituents. The Polyporus flourishes to best advantage
in dark, damp, and confined spaces, its growth being checked
in the presenceof light and freely-cireulating air. In the Plym-
outh, for example, the ravages of dry rot were found to be
most extensive within frame-spaces, beneath flooring-boards,
and in dark corners of the berth-deck, far from the hatches.
As a result of its growth, it follows that the affected wood
loses its firmness and elasticity, becomes brittle, and finally
breaks down into dust, covered on the side next the light and
air by a thin shell of sound wood which conceals the ravages

* & Report on yellow fever,” quoted by Dr. Tryon, loe. cit., p. 466.

t Int. Rev., loc. cit., p. 31.

{ Rep., p. 117.

§ Dasher, Pyramus, &c., ii, p. 434, ef seq., wherein immense acenmnulations
of decaying shavings were found on cleaning the ships.

|| Dr. Hoehling, San. and Med. Reps., 1875, pp. 479-483.
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of the parasite until the timber has become so much weakened
as to show external signs of giving way.

A peculiarity of the Polyporus is its property of growing in-
definitely without producing spores whereby its specific nature
can be determined. Among the very numerous specimens col-
lected from the Plymouth there were none found that had pro-
duced spores. At least two species, characterized by a decided
difference in the diameter of their myeelia have, however, been
distinguished, and sketches of their microscopic appearance
are appended hereto, together with a photograph of a fragment
of wood affected by the fungus.

Other fungi, which are not known to promote the decay of
wood, were found in the Plymouth bearing spores. One, a
species of Helminthosporium, found on the under side of a plank
which had been used as a keelson cover beneath the floor of the
after magazine, presents not only its own proper spores, but
numerous sclerotie, with minute spore-like bodies which we take
to be conidial (or asexual) forms. (See p. 43.)

Measures for the prevention of yellow fever in men-of-war
should begin with the very construetion of the ships, by secur-
ing as free access of light and air as is possible to every recess
of their hulls. Bearing in mind the fact that the dry-rot fungus
flourishes only in dark, damp, and confined spaces, and remem-
bering the heavy annual pecuniary loss resulting from its rav-
ages, measures ealeulated to interfere with its growth seem to
us to need no argument for their adoption.* Such measures
are—

1st. Free passage forair through each frame-space, open tothe
bilge below, and on the spar-deck just below the hammock-rail.
Filling-choecks should be scored at the sides, and the fillings
around air-ports bored through, the holes to be not less than one
and one-half inches in diameter.t In the Allianee a few of the
frame-spaces were ventilated by openings on the spar-deck; in

**How to keep out water and how to get in air are the two great prob-
lems of marine sanitary science.” A, L. Gihon in Rep. Am. Pub. Health As-
sociation. Vol. iii, p. 89.

tSee in this connection a valuable paper by Staff-Surgeon John Dennis
Macdounald, R. N., in Stat. Rep. on health of the (British) Navy, 1867,
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the Galena we are informed that most of them are, and in the
Lanecaster, now under construetion at Portsmouth, N, H., this
requirement is fully met. Such a construetion as has charae-
terized many naval ships (Swatara, Trenton, Monongahela,
Tennessee, for example) whereby the frame-spaces were pro-
vided with openings only upon the berth-deck, or with no open-
ings at all, is particularly favorable to the produetion of dry rot,
to the destruetion of timber, to the injury of health, and to the
propagation and preservation of the yellow-fever poison.

2d. Scuttles or manhole plates in the floors of all store-rooms,
shell-rooms, and magazines, so that the skin of the ship, bilges,
and bilge-strakes may be made everywhere easily accessible.

3d. The avoidance of all confined-air spaces between bulk-
headsand the skin of the ship, and behind tin, lead, or zine linings.

4th. The use of as large air-ports as possible, and the admis-
sion of as mueh daylight as possible into the berth-deck space.

5th. The introduction of ventilators, such as those in the Rich-
mond and Lancaster, into all vessels hereafter construeted.
This method of ventilation has an especial advantage, beyond
the promotion of dryness and constant change in the air below
decks, in that its pipes can be utilized for the introdunetion of
disinfecting vapors to all parts of the ship whenever it becomes
necessary to use them.

ith. The maintenance of dry decks below the water-line, and
of dry bilges, both by the use of subsidiary drying-pumps and
by discontinuance of the practice of wetting the gun and berth
decks. '

As to this last recommendation, we suggest that it would be
profitable to institute an investigation as to the most advanta-
geous water-proof eoverings for the berth-deck, with a view to
disecontinuing the practice of holystoning, so far as that deck is
concerned, altogether. Should such an inquiry meet with your
approval, we suggest that it include also the examination of
metallic coverings, such as copper or lead, for those parts of the
bilge beneath and abaft the engine and fire-rooms. Copper is
used for this purpose in many French men-of-war, but is open to
objections unless very accurately fitted to the contour of the
bilge,* owing to the oceurrence of eracks in the solder by which

* Bourel-Ronciere, loc cit
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its plates are secured to each other. The strong and destruetive
affinity of fat acids for copper presents also a theoretieal objec-
tion which it would be well to consider.

Various experiments upon the impregnation of timber with
earbolie acid (** Burnettizing”) and with barium sulphate (the
“ Thilmany process”) with a view to its preservation, are now
being prosecuted in the Navy, concerning which it would be pre-
mature to offer an opinion, further than to declare that just so
far as they tend to the preservation of the timber from decay
they will tend to the prevention of yellow fever and to the
improvement of the health of ships’ companies. We are
informed by Constructor Pook that the Vandalia, which had
been * Burnettized,” has not suffered from deecay in the four
years or more that she has been in commission. The recom-
mendations relating to constraetion, thus far presented, are all
being earried ontin the Lancaster, now being rebuilt, ina manner
that meets with our hearty approval.

Furthermore, we recommend asameasure of prevention thata
coie of sanitary regulations be drawn up with especial reference
to yellow fever, and applying to all vessels eruising within the
‘yellow-fever zone,” in a similar manner to the applieation of
the regulations for vessels eruising on the west coast of’ Afriea.
Such regulations should, «s we suggest, reasoning from the facts
already presented, include the following points, with such others
as the experience and wisdom of the officers appointed to pre-
pare them may supply :

a, Restriction of liberty on shore to the hours between
sunrise and sunset.

b, Restriction of articles received on board, in ports where
yellow fever is epidemie, to provisions only.

¢, Caretul investigation of the subject of coal supply in ports,
usually infected, and of its probable bearing upon the introdue-
tion of disease.

d, Authority to commanding officers to leave infected ports,
without communication with the department, upon recommen-
dation by the medical officer of the ship.*

“—*STI_I-G]]. aunthority has already been granted by the department in p;rticu-
lar cases. See order dated Decemher 20, 1875, quoted by Med. Inspector B.
F. Gibbs, Hyg. and Med. Reps. 1579, p. 244.
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¢, Anchorage at a distance from shore.*

J; Internal regulations relating to water supply, cleanliness,
changes of clothing, discipline, hours of labor, ete.

By the consistent practice of such preventive measures as
have been indicated we believe that, while the oceurrence of
yellow fever on shipboard cannot be altogether prevented, the
disease will rarely if ever become epidemic in a sound ship, and
that so frightful a loss of life as has characterized the outbreaks
in the General Greene (1500), Macedonian (1821), Enterprise
(1822), the Hornet (1828), Levant (1842), Eclair (1845-'46), and,
more recently, the Susquehanna, Kearsage, and Saratoga can
never oceur again.t

Too great stress may easily be laid upon cleanliness, to the
risk of producing a false sense of security, and of neglecting
other preventive measures of equal importance. For, although
among the great number of instances detailed by La Roche of
the oceurrence of epidemic yellow fever on shipboard we have
discovered none in which accumulations of filth were not found
when the ships came to be broken out, there is no doubt that
very dirty ships frequently escape this particular disease when
not exposed to its specifiec cause, The Plymonth’s experience
is most instructive in this connection, since that vessel was un-
usually clean and well kept, and but for the immense amount
of decayed wood which she contained presented no very obvious
explanation of the tenacity with which the disease retained its
hold upon her. The Monongahelaf on the other hand, being
a sound ship, never became infected, although invaded three
several times., Cleanliness, therefore, while doubtless a pre-
ventive measure of vital importance, is to be considered as only
one among several to be practiced with equal care and perse-
verance. A sound, dry, and clean ship, in which the sanitary
regulations of which experience has proved the value are eare-

* 8ee Dr Pilcher's report; Rep. of Havana Commission ; Regulations of
French and Spanish navies.

t Dr. Ezra M. Hunt, in a paper presented to the Public Health Assoc.,
Richmond, November, 1878 (Med. Ree., January 18, 1879), suggests several
measures of medieal prophylaxis.

f Seep. 51.
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fully observed, will doubtless run far less risk from exposure
in ports where yellow fever prevails, than another similarly situ-
ated which is rotten, or dirty, or wet below the water-line, or
does not observe such precautions, and will escape many times
when the latter will suffer severely.

When, either because of the neglect of proper precautions or
in spite of them, yellow fever has obtained a footing within a
naval vessel, it becomes a matter of the utmost importance to
know what measures may reasonably be relied nupon to check
the disease and to prevent its recurrence.

For this purpose we are of the opinion that the use of car-
bolie acid, chlorine and its compounds, sulphate of iron, nitrate
of lead, and chemical disinfectants generally is, however eftfect-
tual in destroying odors, of very doubtful efficacy in destroying
the germs of disease.*

Repeated experiments have shown that these agents even
when they suspend the activity of low organic forms fail to
destroy them totally; the same bacteria, for example, sometimes
resuming their development and active reproduction as soon
as they have again been placed in a medinm favorable thereto,
or as the agent employed has become exhausted by the hydro-
gen compounds resulting trom putrefactive fermentation. An
exeeption to this statement must be made, it appears, in favor
of sulphurous-acid gas, which doubtless totally destroys the
vitality of vaccine virus,t of the specific poison of eattle plague,
and of baeteria, which have been connected with many dis-
eases; even when largely diluted with air.

* % The weight of testimony is very pronouneced against disinfectants.”
Rep. Yel. Fev. Commission to Am. Pub. Health Ass., session of November,
1878, Med. Record, November 30, 1875,

By a recent report (dated March 26, 1880), to the honorable Secretary of
the Navy, it appears that the U. 8. 8 Marion had been disinfected at Moute-
video for sixteen days, an average of fifty pans charged with chlorinated
lime and sulphaoric acid, and frequently renewed, having been kept below
decks, discharging chlorine gas, during that period. Yet when the hold was
afterward broken ont two of the men so employed were attacked by yellow
fever.

t Bee Surgeon Sternberg’s experiments in Bulletin of the National Board
of Health, January 17 and March 13, 1880.



a8 YELLOW FEVER ON U. 8. STEAMER PLYMOUTH.

A low temperature is doubtless an efficient disinfectant so
long as it continues to be present, New cases cease to appear
and old eases improve, as a rule, as soon as the temperature of
the air falls below 729, Fuarthermore, it has happened that
ships (the Jamestown, for example®*) have become infected,
gone to a cold elimate, and, having been there broken out,
cleaned, and exposed to a freezing temperature for some months,
have returned to the vellow-fever zone without suffering from
a return of the disease. A hill has lately (15879) received the
approval of Congress for the construction, at a cost not to ex-
ceed 200,000, of a refrigerating-ship, for the sole purpose of
inducing a low temperature in infected vessels.

On the other hand, even prolonged exposure to a temperature
below the freezing point has not always secured infected ves-
sels against a return of yellow fever when again subjected to
favorable conditions. The experience of the Plymouth is here
in point, and that of the Susquehanna is still more apposite.
The following published letter from Medical Director R. T.
Maccount gives a concise statement of the facts: 4

“A severe epidemie of yellow fever occurred on board the
U. B. 8. Susquehanna, at Grey Town, Central Amerieca, in 1858.
The Susquehanna eame direet from England and the Mediter-
ranean, a few months before, with a perfectly healthy crew, and
yellow fever was unknown at Grey Town. As soon as the fever
showed itself the vessel went to sea, bound north, but in the
course of a few days so many firemen and coalheavers were pros-
trated by the disease that she was obliged to touch at Jamaiea,
en route, to procure men to work the ship. By kind permission
of the anthorities, nearly one hundred cases were landed at the
Royal Nawval Hospital, Kingston, and the ship proceeded on her
way north, the disease. still continuing its ravages; and on her
arrival at New York, one hundred additional cases were landed
at the quarantine hospital.

“Yellow fever had prevailed on beard the Susquehanna on
a previous cruise; but in the interim she had been exposed
to the eold elimate of the morth, and as there was no fever at

*Med. “E-saa;?& lﬁ?"i. Dr. Blm-'tigﬂﬁﬂ’a“rﬂpurt-, already cited.
tN. Y. Med. Record, October 26, 1575,
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Grey Town, and no record that the scourge had ever visited
that place, the supposition is that the poison had remained dor-
mant in the hold of the ship, awaiting the proper surroundings
of temperature, moisture, ete., to resume its activity., Thebilges
of the ship were not accessible at their after part, and on tear-
ing up the planking were found very foul:; nearly all those who
were employed or slept on the lower deck, such as firemen and
coalheavers, contracted the fever, while all who were employed
or slept on the upper deck escaped, plainly showing the local
origin of the disease.

“After the ship had been thoronghly disinfected and fumi-
gated, and had remained exposed to wind and weather for sev-
eral months, two firemen who were sent on board to examine
the condition of the machinery contracted the fever, so endur-
ing was the nature of the poison. After this sad experience,
the Susquehanna remained dismantled in the harbor of New
York, exposed to the freezing temperature of several winters,
and was again put into ecommission as the flagship of the North
Atlantic squadron ; but on her return to the tropics the fever
reappeared on board of her.

“ From the above facts I am led to believe that frost does not
kill the yellow-fever germ, but merely renders it torpid until
congenial influences and surroundings enable it to resume its
activity and reassert its dreadful sway.”

While there is some doubt, according to the above interesting
letter, as to whether Dr. Maccoun was a believer in importation
or spontaneous generation of the yellow-fever poison, there is
no doubt of his convietion that the poison was a material entity
residing in the ship, nor as to the facts which he recites show-
ing that it retained its potential vitality after the ship had been
thoroughly cleaned, fumigated, and disinfected, and after her
very prolonged exposure, dismantled, to a low temperature.

Dr. Stillé, in the lecture already cited, speaks as follows of
the influence of low temperature :

“ But experience has shown that in this way it (the poison)
is not always absolutely killed ; that its activity may be only
suspended, and that when it has prevailed in the autumn it
will perhaps prevail in the following year if the weather favor
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its revival., Again, a transient period of cold weather does not
always put an end to an epidemic of yellow fever; if the tem-
perature rises again the disease may break out anew.”

It may be, as has been nrged respecting the experience of the
Plvmouth, that there are recesses and protected spaces which
are not affected by the low temperature prevailing in the more
exposed parts of a ship subjected to the natural freezing pro-
cess, and that by proper care such recesses conld be opened up
to the action of a refrigerating-ship. We cannot deny the
possibility, so long as the yellow-fever poison remains uniden-
tiied, that extreme cold may permanently destroy as well
as suspend its vitality.* But, considering the fact that such
experiments as have been made with this agent have not always
proved successtul, and that extremely low temperatures do not
permanently destroy the reproductive power of low organisms
in general,t we do not recommend that a costly apparatus for
testing the value of this mode of disinfection be constructed for
use in the Navy until further and positive experiments have
demonstrated its efficacy.

Those who advoecate this mode of disinfeetion do so upon the

*The following extract from a letter addressed to Hon. Isham G. Harris
March 27, 1879, and signed by Medical Director Thomas J. Turner, U. 8. N.,
Surgeon J. B. Hamilton, United States Revenne Marine Hospital Service,
and Surgeon John 8, Billings, U, 8. A,, as to the refrigerating-ship project,
is of interest in this connection.

“5th. Whether the production of a femperature even as low as zero, in a
ship, for a comparatively short period of time, id est, for a few hounrs, will
destroy or render permanently harmless the yellow-fever poison, we do not
know, there being now no satisfactory evidence inexistence upoun this point.
But * * * weare of the opinion that the experimentis worth trying.”—
Gawgee, op cil., p. 157.

t 8ee Revue Scientifigue, Fevriér, 1877, p. 794, **A high temperatore kills
bacteria, cold benumbs them (les engonrdit). Their active life is suspended
by the cold, as well as their power to produce or to maintain putrefaction.”
Koch dried infected blood from charbon and kept it more than four years,
after which it produced an action as fatal as that of blood freshly drawn
from the veins of an animal snffering from eharbon. (Translation of a lect-
ure by John Tyndall.)

“ Frisch has lowered the temperature of bacteria down to—124.6° Fah., but

on warming them again he has developed coceus and further bacteria."—
Gamgee, p. 146.
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theory that yellow fever is a disease of nautical origin, and that
it not only resides within the ship npon which it manifests itself,
but is generated spontaneously where 1t 15 found. Mr. John
Gamgee, who is an able advocate of this mode of disinfeetion,
and who has presented the arguments in its favor at their best
in the interesting brochure already cited by us, denies that
“oerms or spores™ have anything to do with this disease,
which he considers to be “far more easily, surely, and
permanently preventable than typhoid or searlatina.”t

Absolute proof of the theory that the cause of yellow fever is
a living organism propagating itself aceording to the laws which
govern other organisms and of definite specific characters, will
be almost certainly fatal to the idea of using cold asa disinfect-
ing agent. Inthe want of absolute proof thereis a eertain pre-
sumption in favor of this theory, the weight ot which we have
endeavored to set forth in the preceding pages. b

Neither, it must be confessed, do we know by actual experi-
ment that a relatively high temperature will destroy the germs
of yellow fever; nor can we expect to know it until the germs
have been isolated and recognized. Reasoning from the natu-
ral history of bacteria however, which has been successfully
studied with especial reference to the influence of temperature,
the use of heat as a septicide affords a better prospect than we
find in any other agent.

Pasteur, for example, announced at the session of the Acad-
émie des Sciences for January 29, 1877, that exposure of an in-
fected ligquid to a temperature of 110° C, (2302 Fah.), for ten
minutes, or 130° C. (266° Fah.) for five minutes, is enongh to
insure the death of all germs. Feltz T found that one enbic
centimeter of putrified blood containing bacteria, mixed with
o cubie eentimeters of water, and injected into the veins of a
rabbit killed it in from three to seven days. After heating to
802 C. (1762 Fah.) it was still full of bacteria, and fatal in eight
days. But exposed to 160° C. (3102 Fah.) in a sealed tube for
four hours it became innocunons and e¢ontained no living organ-
isms. M. Schutzenberger§ states that the fecundity of the
spores of all common fungi is destroyed at 1302 (2662 Fah.).

- P. 150. tP. 9. : Comptes rendus, Ixxxiv, p. 353.

4 Fermentation, D. Appleton & Co., N. Y., 1876.
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Dr. Burdon-Sanderson says: “In the further progress of the
inquiry it was found entirely unnecessary to employ so high a
temperature as 1702 to 2000 C. (3380-392° Fah.) in order to
prevent the evolution of organic forms, provided that the
liguids are protected from contamination by external means.”*
By a series of experimentsrecently prosecuted by Dr. Wernich,
upon the comparative disinfecting power of sulphurous-acid
gas and hot airt it appears that exposure for five minutes to a
temperature ranging from 257°-302° Fah., is equivalent to ex-
posure for six hours to an atmosphere containing from 6 to 7
per cent. (by volume) of sulphurous-acid gas. In both cases
the organisms experimented upon were rendered incapable of
reviving. The use of a less proportion of sulphurous acid, a
shorter time of exposare, or the application of a lower tempera-
ture was followed in some cases by a resumption of activity on
the part of the bacteria.f

These eitations (and it would be easy to adduee a much greater
number) leave no room for doubt that heat approaching 300°
Fah., is fatal to the most refractory organisms that have been
examined. The mass of evidenece is in favor of its efficacy even
when applied for but a short time.§

Practical experiments upon the influence of a high tempera-
ture npon the vitality of the yellow-fever poison have been
neither numerous nor definite, yet so far as they go they are
uniformly favorable. The common practice of burning infected
clothing and buildings shows that there is a popular faith in
the efficacy of heat to prevent the reappearance of the disease
upon a loeality once burned over.||

* Studies of Contagion, Rep. Med. Off. to Privy Conneil, 1870, p. 55.

t Centralblatt fiir die Medicinische Wissenschaften, vol. xvii, p. 227.

i Dr. Wernich also observed that different fabries gave up their infections
with different degrees of quickness—woolen most readily, linen less easily,
and cotton wadding with most difficulty of all.

§ Bee Appendix B, Report of Medical Board to examine the U, 8. 8. Plym-
outh, dated April 17, 1579 : * We believe it is an admitted fact that heat at
or above the boiling point of water is more effective in destroying the germ
of vellow fever than even cold, and is particularly applicable to ships as be-
ing both cheap and effective.”

[|““The fire of London, it kas been observed, was a blessing. It burned
down the city; but it burned ont the plagne.” Macanlay’s Essay on His-
tory, Edinb. Rev., May, 1828.
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Live steam has been admitted to the interior of ships of war
as a disinfectant against yellow fever, and with suecess. *

Disinfection by baking has been recommended again and
again for quarantine stations, and is not used extensively at
this time, not because of any want of faith in its eflicacy, but
because of the injury that would result to the cargoes of the
ships. As already set forth, the navigation and some ofher
stores of the Plymouth were baked at Portsmouth, in the oven
used for baking cores, with a view to their disinfection. The
temperature was raised to about 260° Fah.

Subsequent reflection and investigation have confirmed us in
the opinion expressed in our preliminary report, dated Mareh
10, 1880, 1 that the best prospect of suecess in attempts to de-
stroy the poison of yellow fever, when once it has become epi-
demiec in the Navy, is afforded by the use of a gas or vapor at a
high temperature. In the hope that it would be possible to
combine the advantages of a chemical septicide of known power
with those of a high temperature, we then recommended that
experiments be instituted npon sulphurous anhydride (sulphur-
ous-acid gas) as to the practicability of introducing it into every
part of a vessel, and of maintaining it at a temperature ap-
proaching J00° Fah., which we believe to be sufficient to de-
stroy every living thing that it reaches.

Experiments have accordingly been begun and are still in
progress, directed to the settlement of the following questions:

1. Can sulphurous anhydride be employed at a high tempera-
ture in the interior of a ship without serious injury to the ap-
paratus employed or to the metallic surfaces exposed to its
action?

2. Canit be introduced in sufficient quantities to reach every

*Yellow fever appeared in the U. 8. 8. Don, at Sta. Cruz, in November,
1867, having been contracted at St. Thomas. About 15 per cent. of her
crew were attacked. The ship was emptied, hatches and ports closed, ““and
a heavy pressure of steam from the ship’s boilers turned in” to the hold,
everything remaining closed for twenty-four hours. She finished her cruise
in the West Indies without any further outbreak of yellow fever. A very
similar history is related of the Mahaska, at New Orleans, also in 1867,
followed by a like favorable result. Rep. Med. Board on Plymouth, April
17, 1879,

t See Appendix C.
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part of the ship, and maintained at a temperature approaching
30020 Fah.?*

1st. Sulphurous anhydride was generated by the action of
sulphuric acid upon copper in a glass retort, washed in a
Wollt’s bottle, dried by passing it through calcium ehloride,
and heated as it passed through a glass tube coiled upon itself
in a spiral of four turns; thence it passed into a flask contain-
ing strips of copper and bits of iron wire, and provided with a
thermometer., In the first experiment the glass coil was heated
by immersion in olive oil raised to 180° C. (356° Fah). Ne
effect upon the copper or iron followed. Tn following experi-
ments the glass eoil was heated directly by a Bunsen’s burner,
and maintained at a red heat for one hour and twenty minutes,
until, indeed, the glass coil was melted so as to lose its form.
The thermometer in the flask showed an increase of only 12©
C. (31.6° Fah.). After boiling the copper and iron wire thus
exposed in distilled water, the filtered lignid gave a very faint
reaction with barie chloride, showing that sulphurie aeid had
indeed been formed, but in so small quantity as to be probably
harmless to the engine of the ship or to the metal of the super-
heater.

* The proporties of sulphurous anhydride are as follows:

A colorless pungent gas, resulting from the burning of sulphur with free
access of oxygen, and by other methods. One equivalent of sulphur com-
bines with two equivalents of oxygen (80;). The gasis liquefied by a freez-
ing mixtuare of ice and salt, or by a pressure equivalent to three atmospheres,
the liquid becoming solid at — 79 C.{ — 110° Fah.). The observed specific
gravity of the gas is 2.247; its specific heat, 0.1544, as compared with an
equal weight of water, or 1.62 as compared with an equal volome of air, as

shown by the following table of specific heats :
Enual w?:ghta Equal velumes.

B e e e e e e e e e
B S L e i e e o o oyl o Py gt { (IO 1.

Steam . £ T e e e s e s L e S S L 1.36
bulphumua :Bnhj'ﬂ.rjllﬂ e e e e e 1. 62

The gas is demmp&aaﬂ at the- temperature of 1200° C. (2192° Fah.), or by
a powerful induetion spark, into sulphur and oxygen, a part becoming sul-
phuric anhydride (50;) by the combination of oxygen with another portion
of sulphurous anhydride. It extingnishes the flames of burning bodies, but
metallic potassinm and finely-divided tin will burn in it. In preseoce of
steam sulphuric aecid is formed and the same result follows more slowly when
sulphurous anhydride is mixed with water and exposed to licht and air.
Several of the metallic oxides will part with their oxygen at a high tem-
perature to form snlphuric anhydride.
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2d. The same experiment was repeated with the omission of
the caleium chloride. A superheater, made of brass tubing,
turned into a close double coil, and exposing ten feet of tubing
to the heat of the lamp, was substituted for the glass eoil.
The pressure of the mas generated in the retort being insuffi-
c¢ient to send it through the entive apparatus, an aspirator was
attached to its outlet tube. Gas was passed through for two
hours and ten minutes, but notwithstanding the increased suar-
face of the metallic superheater, the thermometer in the recep-
tion flask (which represents the hold of the ship) showed a rise
of only 68° F., a less heat than that which it was desired o
produce.  No immediate effect upon the copper strips and iron
wire in the flask followed, but after torty-eight hours both were
found to be eorroded and coated superficially with sulphates.

At the temperature obtained therefore (about 1302 F.), dry
sulphurons anhydride appears not to injure metallic substances
with which it may come into contact.* 1f the gas be moist,
however, corrosion will follow in time from the slow conversion
of sulphurous anhydride into sulphurie acid (see note, p. 64), in
the presence of the vapor of water. There is no theoretical
reason for supposing that this conversion will oceur more
rapidly at the higher temperaturce of 250° to 3002 F., which it
is desired to reach, than at 130° F., but an important practical
inference from these experiments is the fact that there will
probably be some difficulty in reaching the high temperature
desired with a gas of so high specific heat as sulphurous an-
hydride. [If the gas can be delivered at the reqguired tempera-
ture, however, its high specific heat will render it much less
difficult to maintain the temperature in all parts of the ship
than would be the case if another gas of lower specitic heat
should be made use of.

To test the practicability of this part of our recommendation,
we proposed to repeat the experimentupon a largerscale, using
ligquefied sulphurous anhydride in tanks, and so aveiding the
necessity for the furnace and blower suggested in our pre-

* Sulphurous anhydride is nsed for the production of ice in the apparatns
of the Pictet Artificial Ice Co., and is found to possess the * important prop-
erty of not corroding the metals brought in contact with it, and of Iubricat-
ing them even in such a way as to avoid the usual operation of oiling.”
Company’s cireolar.

0
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liminary report. To this end we have arranged with a New
York firm for the necessary supply of the liquefied gas, and
have procured self-registering thermometers of high range to
be placed in the different parts of the ship or apartment to be
experimented npon. Unexpeeted and vexations delays, arising
from a breakdown in the condensing apparatus, have up to
this time prevented the firm with which we have contracted
from furnishing the lignefied gas, and this final experiment,
which we regard as a necessary preliminary to action npon our
recommendation, remains vet to be tried.

Shounld it be found to be practicable to introduce sulphurons
anhydride into every part of a ship, and to maintain it within
her hold at a temperature of, or exceeding 250° F., its nse on
ship-board will present no very serious practical difficulties,
Since the gas iz condensed under a pressure not exceeding
three atmospheres, it can be sately stored and shipped in soda-
water tanks, and will afford the necessary pressure by its own
vaporization. Proper superheaters, consisting of a double
coil of metallic tubing, somewhat similar to the Herreshoff
boiler, may be kept on hand at suitable points, or shipped when
required.  No other apparatus besides a supply of jointed pipe
for the conduetion of the heated gas to different parts of the
ship, and of self-registering thermometers, will be required.
The erew and stores of a ship infected with yellow fever having
been landed, and every part made as accessible as possible,
the eondueting tubes should be led fore and aft, as recom-
mended in our preliminary report, the hatehes elosed, and the
hot gas delivered from the spar-deck for such a length of time
as experiment shall show to be necessary to the maintenance
of a temperature of 250° F. thronghout. Should it not be ¢on-
sidered advisable to establish a well-appointed disinfecting
station, which would doubtless be the best plan to adopt, we
coneeive that disinfection might thus be effected in ships while
still on their stations.

The conclusions tobe drawn from the statements of this report
are sufficiently obvious, and may be summed up in a few words.

In the first place, we find lying at the very root of the evil
deseribed the faulty constroetion, in a sanitary sense, of the
ship herself. Built of materials not protected against the
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;auses of dry rot, and containing many places impossible to be
exposed to the benign influences of air and light, she seems to
have rapidly degenerated almost from the day of her launching
into premature decay. In such a ship the sonund condition of
the vessel and of the ¢rew she carrvies are alike imperiled. - In
her inaceessible recesses masses of organic matter unavoidably
aceumulate and remain putrescent, unseen, unsuspected, but
constantly poisoning the air and inviting disease.

The second consideration which presents itself is that she
was provided with stores brought from a place long known
to be dangeronsly infected with the poison of yellow fever,
Many of the packages examined by the board bore the mark
of the naval store-house on the isle of Enchados in the harbor
of Rio de Janeiro, where many fatal cases of yellow fever have
been engendered. Some of these packages were of a nature
well ecalenlated to hold and carry the germs of the disease even
throngh a cold elimate.

The third point to be noted is that just before the appearance
of the fever on board, the Plymouth had takena great quantity
of eoal tfrom St. Thomas, a dreaded source of yellow fever, and
where the disease was prevailing at the time,

From one or both of these causes of infection came the germ
or seed which found a most congenial soil for its truetification in
the decayed ship, which had been eruising for yearsin the yellow
fever zone, and which contained beneath the flooring of her
holds and store-rooms the putrefying materials which are almost
invariably found assoeciated with ontbreaks of this disease,

Under these highly favorable conditions the fever naturally
became epidemic, as the flame follows the spark falling among
inflammable materials.

Onee lodged in such a nidus it is easy to understand how
difficult it would be to destroy these germs by methods of dis-
infeetion ordinarily efficient.

Finally, at the risk of prolixity and tiresome repetition, the
board would earnestly eall attention to the important lesson to
bhe learned from the experience with the Plymonth.

The ships of the Navy, to be safe from epidemic disease, must
be built of timber completely seasoned and prepared, by some
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of the processes which have been proved to be successful, to
resist such extensive decay as is to be found in nearly all of
our vessels of recent construetion.

They should be provided with a system of ventilation whieh
will supply fresh air, not only to the inhabited places of the ves-
sel, but also to the recesses and small divisions of the lowest
parts of the ship.

A plan of ventilation like that built into the structure of the
Lancaster will also enable gaseous disinfectants to be intro-
dunced into the very places where the dangerous impurities
spoken of are most apt to acenmulate.

Every ship should be given as much light within as eirenm-
stances will permit as an additional and powertul protective
against the insidious dry rot.

Some ready means of destroying the germs of disease, always
and everywhere available, should be a part of the outfit of
all our ships.

The careful experiments now being made by the Burean of
Medicine and Surgery in eonnection with this subject go far to
establish the practical usefulness of the method of disinfeeting
ships which has been deseribed.

Very respecttully, &c.,
R. C. DEAN,
Medical Director United States Navy,
President of Board.
THEODORE D. WILSON,
Naval Constructor United States Navy,
Member of Beard.
J. H. KIDDER,
Surgeon United States Navy,
Member of Board.
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[Telegram, dated Key Weosat, Fla. (Plymouth), Mareh 23, 1875.]

To Hon. GeEo. M. Ropesox,
Secretary of the Navy :
Two fatal cases of yellow fever in Key West., Have taken precautions.
Will send report and telegraph if more. .
Captain RUSSELL, 8. 0 P.

[Letter. ]

. 8. 8. PLymouTH (2d rate.)
Key West, Fla., March 23, [1875.]"
Hon. Geo. M. Roresox,
Secrelary of the Navy :

Sir: Having received information that there were two cases of fever on
shore here, the report of Acting Assistant Surgeon Perry, herewith in-
closed with that of Lientenant Winn, led me to believe they were more
serions than represented. I immediately ordered a board to investigate and
report, which I respectiully inclose. I have carried ont their recom-
mendations. One of the parties, who died after five days’ illness, was a tele-
graph operator. The disease has not been brought to the island, but oc-
curred from the elimate. * * *

There is little care apparently taken in the sanitary regulations for the
health of the island. Schooner loads of froits and vegerables are brought
from Havana, some in a decayed condition, and sold at public anction on the
streets. I will do all in my power to prevent the disease from reaching the
squadron, and during the absence of the admiral will immediately notify
you of any increase by telegram.

Very respectfully, &c.,
JOHN H. RUSSELL,
Captain and 8. 0. P,

BEEPORT.

Key West, FLA., March 22, 1875.
S1r: In obedience to your order of this day we have made investigation in
the two cases of fever referred to in the papers accompanying, and have to
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1. 8. Navy-Yarp, PorrsmouTH, N. H.,
April 17, 1879,
Hon. R. W. THOMPSON,
Secretary of the Navy, Navy Depariment, Washington, I}, C, :
51k : In obedience to yonr order of the 9th instant, we have made a samtary
ingpecticn of the U, 8. 8. Plymonth and of the stores of the Guard, and beg
leave to snbmit the following report:

INSPECTION OF THE PLYMOUTH.

We began our duties on the morning of the 16th April by visiting the
Plymontk, then lying at quarantine station in the lower bay of Portsmouth
Harbor.

We made a careful and thorough examination of évery part of the ship,
personally visiting cabin, ward-room, steerage, berth-deck, sick-bay, store-
rooms, holds, engine-room, fire-room, shaft-alley, and bilges, and found them
all in a very eleanly condition and free from all offensive odors.

The bedding and clothing were aired while we were on board and appeared
to have been well cared for.

On the berth-deck, from abreast the galley aft, we found very many of
the knees, ends of cross timbers, and large portions of the inner planking in
a badly decayed condition.

Officers and crew were apparently in excellent health. A few men ill
with trifling diseases and one convalescing from yellow fever formed the
sick -list.

HISTORY .

In order to a full understanding of the cause of the recorrence of the
yellow fever in March, 1379, on board the Plymouth, we think it well to give
a brief statement of the previous outbreak.

On the 7th November, 1578, while the Plymouth was lying off Santa Craz,
two officers and two marines affected with specific yellow fever were trans-
ferred from the Plymouth to the hospital on shore. In the afterncon of the
day named the ship sailed for Norfolk, and after getting out at sea one
officer and two marines were attacked. These last three cases all resulted
favorably, and the disease progressed no further.

It may be here remarked that we have no doubt of the accuracy of the
diagnosis in the cases mentioned.

In order to prevent further infection, the bedding and clothin belonging

71
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to the officers and men sent to the hospital were removed along with them,
the clothing of the nurses employed about the sick was destroyed, and the
ship was repeatedly fomigated with salphurous acid.

From Norfolk the Plymouth came to Portsmonth, N. H., where she re-
mained in quarantine seventeen days and then sailed for Boston, arriving
there December 17, 1878, i

January 3, 1579, the officers and erew left the ship; the men were trans-
ferred with their clothes and bedding to the receiving-ship and the marin s
to the barracks, where they remained for five weeks.

During this period, January 8 to February 12, there were no fires at any
time on board the Plymonth, except one in a small stove in the fire-room
at which the workmen warmed their hands; this waslighted for a few days
only. The temperature of the air was generally below the freezing point,
and ice formed and remained solid in buckets placed in every part of the
ship. The water in the tanks was frozen. Hatches and air-ports were left
open, and with the exeeption of the tanks, chaios, and a few shot, every-
thing was removed. Fumigations with sulphurons acid were several times
emwployed, disinfectants were applied to the bilges, and lime-wash freely
used. The bedding wasaired once at least when the temperature was below
freezing. In fact, the disinfecting agencies of cold, fresh air, and famiga-
tion were fully applied to the ship.

Febroary 12 the crew returned on board, and March 15 the Plymonth
sailed ffom Boston for a cruise to the Windward Islands. On the night of
the 19th March she enconntered a violent gale which rendered it necessary
to batten down the hatches. This proceeding made the air of the berth-
dezk very close and warm, the thermometer marking 892,

On the morning of the 21st Richard Sanders, machinist, who joined the
ship in Boston, was attacked with yellow fever, and on the night of the 22d
Peter Eagan, boatswain’s mate, became affected with the same disease.
Eagan, who was old and somewhat infirm, died on the 31st March. Sanders
is convaleseing.

The Plymounth was headed for the north, and arrived at Portsmouth, N. H.,
April 7.

CAUSE OF RECURRENCE OF YELLOW FEVER.

After a caréful consideration of all the facts, we have arrived at the con-
clusion that the infeeting virus, which gave rise to the last ontbreak of
fever, must have been preserved in the rotten wood of the berth-deck or in
the bedding or clothing of the crew.

PRESENT SANITARY CONDITION AND RECOMMENDATIONS.

In view of the fact that the Plymouth has been continuously in commission
for four years and a half, a greater portion of that time in tropical or semi-
tropical climates, that she has bad two outbreaks of yellow fever within
five months, we think it injodicions that she should be kept longer in com-
misgion, We wounld recommend that the woolen clothing and blankets of
the men be washed in boiling water and then fomigated with sulphurons-
acid gas, before leaving the ship.
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If the department think it desirable, all the stores of the Plymouth,
except the woolens (viz, clothing, blankets, flags, and screens), could be
landed at the navy-yard without danger of spreading disease, having
been first subjected to fomigation. To render the woolen stores safe, it
would be necessary to subject them to heat at or above the boiling point of
water.

SUGGESTIONS.

It may not be inappropriate here to state that there has never been any
exhaunstive method of disinfecting onr men-of-war returning to the United
States with the vellow fever on board.

We would respectfully recommend the following method, which we think
will absolutely destroy all germs of yellow fever in a ship:

First, After everything perishable has been taken to the spar-deck, the
hatches should be fastened down, the air-ports closed, and a steam-tug on
eacl side of the infected vessel injecting steam into the ship, at a pressure
of from sixty to eighty pounds to the square inch; this to be kept np for
twenty-four hoars, 3

We learn from experts that by this means a temperature from 2407 to
250~ Fah. can be maintained in every part of the ship.

We believe it is an admitted fact that heat at or above the boiling point
of water is more effectivein destroying the germs of yellow fever than even
cold, and is particularly applicable to ships as being both cheap and
effective.

Second. The ship then should be entirely broken out, including water-
tanks and chain-lockers, the latter being very often a focus for disease from
the mud accumulated in pestilential ports; the ship should then be thor-
oughly cieansed by seraping and washing with fresh water and disinfecting
fluids.

Third. After this (if in winter) the hatches and ports are to be opened,
wind-sails put down, and the ship subjected to cold at the freezing point
of water for two or three weeks.

Fourth. The ship shouid then be fumigated with sulphurous-acid gas,
with closed hatches and air-ports.

If all these agencies can be used, there seems no doubt but that every
germ of yellow fever may be destroyed.

It was the fortune of the senior member of this board to witness the effi-
ciency of steam alone in putting an abrupt termination to yellow fever on
board the United States ship Don, at Santa Cruz, West Indies, in Novem-
ber, 1867, That vessel was affected with a very malignant type of yellow
fever contracted at St. Thomas. She had twelve or fifteen cases among a
crew of abonf eighty men. The ship had orders from Admiral Palmer not
to go North, but use every possible means at Santa Cruz to eradicate the
disease.

The sick were sent on shore, everything perishable was taken to the spar-

deck from below, the air-ports and hatches securely fastened, and a heavy
pressure of steam from the ship’s boilers turned into the vessel, and every-
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thing remained clozsed for twenty-four hours. The resnlt was that not a
single case of yellow fever oceurred afterwards, and she finished her cruise
in the West Indies.

Capt. J. Young, commandant of this yard, relates a similar experience on
board the U. 8. 8. Mahaska., He says that while lying off the city of New
Orleans, during the year 1367, the yellow fever broke out on board, and one-
third of the officers and erew died. After the fever subsided the ship was
thoronghly steamed. Every hateh and port was closed, and steam turned
into the hold and continued until the fires died out. On opening the
hatches the ship below was hot and dry, paint work blistered, and eggs
which had been placed npon the berth-deck, in the steerage, ward-room,
and cabin, were found boiled hard. The ship was then scraped, cleaned,
fumigated, and painted, and there was no further troubls from yellow fever,
“although she remained off New Orleans during the winter and the greater
part of the ensning summer. 5

These are the only two cases in our Navy, with which the members of
the board are acquainted, where the yellow-fever germs seemed to have
been destroyed by the agency of heat alone. This wethod wonld be par-
ticularly applicable in time of war, when it might be impossible to resort
to both heat and refrigeration.

The 1. 8. 8. Busquehanna, one of the finest ships in our Navy, was totally
disabled by her liability to the recnrrence of yellow tever whenever she
went to the tropics, and although refrigeration was tried exhaustively, it
never destroyed the germs of the disease. '

Very respectfully, your obedient serv’ts,
W. T. HORD,
Medical Inspector, U. 8. N.
THOMAS W. LEACH,
Medical Tuspector, U. 8. N.
CHAS. H. BURBANK,
Medical Inspector, U. 8. N.
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JXTRACT.
Navy Yarp, PoursmourH, N. H., March 10, 1880,

Surgeon-General PriLir 8. Wargs, U. 8. N,,
Chief of Bureaw of Medicine and Surgery,
Navy Department, Washington, D. C.:

Sir: We have the honor to state that agreeably to the orders of the de-
partment, dated on the 24th ultime,and the instroctions of the Surgeon-
General, dated on the 25th nltimo, we reported to the commandant of the
navy-vard, Portsmouth, N. H., on the 4th instant, for the doty of making a
sanitary survey of the Plymonth.

We found that all the stores had been taken out of the ship, and that it
wonld now be practicable to remove most of the obstructions to a thorongh
examination of her sanitary condition, * * * % = * % &% & %

In making choice of a disinfecting gas or vapor the board has considered
the relative efficiency of three—steam, hot-air, and heated snlphurous-acid
gas—and gives the preference to the latter, as combining the effect of high
temperature and the chemical action of a septicide. It is believed that the
sulphurons-acid gas can be also applied under the pressure which the pecu-
liar cirenmstances of the case require.

The simple generation of this gas within the ship, as has been done here-
tofore, wonld, in our opinion, be ineftective, as it would not reach the more
remote recesses, mnch less the interior of the decayed wood ; but its intro-
duction, superheated and under tension, would be more likely to accom-
plish the object in view.

Whether this gas can be supplied to so large a cavity as the interior of
the Plymouth, in sufficient quantity, at the necessary temperature and ten-
sion, and the details of the arrangements required for this purpose, shonld
be ascertained by actual experiment, on a small seale, before carrying the
proposed plan into execution. To illustrate the prineiple in a general way,
and explain the views of the board, the following apparatns is suggested,
and the accompanying diagram submitted for the examination of the burean.

The amount of decayed wood in the Plymouth is so great, and so many
parts are permeated with fungons growths of various kinds, occupying not
only the surface and superficial portions, bat also the heart of the timbers,
that, in onr opinion, the filling the hull with disinfecting vapors, and ap-

plying to the interior disinfecting solutions wonld be unavailing to remove
75
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the sources of disease now existing in her strueture. An indispensable
preliminary to her sanitation wounld be the entting away the decayed and
spongy wood, and the unwholesome fungi with which it is filled. Unless
this be done in advance the snbsequent processes conld not be expected fo
succeed. Buf the removal of all this decayed mass wounld invelve nothing
less than a thorough repair of the ship, for the knees, the frames, the inner
planking, the flooring and sheathing of her varions dimensions, the filling
timbers, and even the main keelson, are extensively decomposed.

Should the department, however, desire that an attempt be made to render
her less obnoxions to health, the following plan of disinfection is respect-
fally suggested as the one most likely to diminish the danger of future re-
eanrrence of disease:

1st. A farnace of simple construction for the generation of the gas by the
combustion of the snlphur, with free access of air.

2d. A pipe of suitable sizs to convey the gas to a blower, operated by a
small engine, by which the necessary velocity is given to it to conduet it
throngh a superheating apparatus, which may be made by coiling the pipe
on itself, in a conical form similar to that of the Herreshoff boiler, and
applying heat through the center of the cone.

3d. The pipe continnes on to the interior of the ship, where it divides in-
to two branches, one going forward, and the other aft, dipping into the
bilges, under store-room floors, inside the ceiling, and under the boilers,
&c., by means of subdivisions.

A discussion of the comparative values of different disinfectants, and of
the considerations which have led the board to the conclusions here stated,
will be presented at length in the final report directed by the instructions,
to which this is preliminary. Everything which has come to the knowl-
edge of the board in regard to the reception and propagation of the yellow
fever on the Plymouth is also reserved, to be more appropriately stated in
the same final report, the object of the present one being only to make the
burean acquainted as promptly as possible with the condition of the Plym-
outh at the present time.

Very respectfully, yonr obedient servants,
RICHARD C. DEAN,
Medical Inspector, U. 8. N., and Presidevt of Sanitary Board.
THEODORE D. WILSON,
Naval Construecior, U. 8. N., Member of Sanilary Board.
J. H. KIDDER,
Suwrgeon, U. 8. N., Member of Sanitary Board.

CoMMANDANT'S (OFFICE,
UNITED STATES Navy-Yarp, PorrsMouTH, N. H.

Approved March 10, 1880,
J. C. BEAUMONT,
Commodore, Commandant.
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