
PLAGUE IN THE AMERICAS (Continued)” 

VII. PERU 

Peru was the first country on the West Coast of South America to 
be invaded by plague. 

The republic lies between 69 and 81” West Long. and 3 and 19’ South Lat. 
It has an area of some 482,275 square miles and a population estimated at six 
millions, about two-thirds of it Indian. The country may be divided into three 
geographical regions: a narrow coastal strip, rainless, but intersected by fertile, 
irrigated river valleys; the Sierra or Andean region, with an average height of 
12,000 feet, and the Montaña, or eastern, forested lowlands. Unanue, the great 
Peruvian medical writer and climatological observer, divided the climate into 
four eones in relation to altitude: the warm, or arden& running from the sea-leve1 
plains to 4,000 feet, with a temperature of from 16 to 24 C (60.8-75.2 F), average 
20 C (68.0 F); the temperate, from 4,000 to 12,000 feet, with a temperature from 
9 to 16 C (48.2-60.8 F) average 13 C (55.4 F); the cold, from 12,000 to 15,000 feet, 
average temperature as low as 4 C (39.2 F), with poor and dwarf vegetation; and 
the glacial zone, from 15,000 to 21,000 feet. 1 The eastern Amazon area is very hot. 
There is practically no rain on the coast, except at Tumbes, but the heat is mod- 
erated by the Humboldt current, and at times in the winter, when heavy fogs 
come in from the otean, the coast is cool. The dry season is from November 
to April, the wet season, from May to October. Summer months are January 
through March; winter, July through September. At Lima the coldest mean 
winter temperature is rarely below 58 F; the highest mean summer temperature 
was 79 F, in an abnormal year; it usually runa between 70 and 75 F. The mean 
minimum temperatures of Lambayeque, winter and summer, are practically the 
same as those of Lima; but the maximum winter temperatures are about 10 degrees 
higher at Lambayeque. The mean relative humidity is high along the entire 
Peruvian coast; between Lima and Lambayeque it seldom fa& below 80 mm.2 

Of Peru’s 20 Departments and 114 Provinces, 10 Departments 
(incIuding 37 Provinees) and the three special Provinces3 of Tumbes, 
Callao, and Moquegua, have been invaded by plague. None of the 
coastal Departments has escaped infection. The worst hit have been 
Lambayeque, Libertad, and Lima, on the coast, and inland Cajamarca. 
The nine major seaports (Callao, Pisco, Moliendo, Pacasmayo, Paita, 
Salaverry, Eten, 110, and Pimentel3, 14 minor seaports, and 13 “caletas” 

l See General Review. 
1 Unanue, Hipblito: “Observaciones sobre el clima de Lima y BU influencia en los serea organizados, 

en especial el hombre,” 1806,4th ed., 1914, pp. U-13. (Thii is me of the outstanding contributions to 
Ameritan medicine.) Unanue applied to the Andes the worda of the Arabian poeta: “Her head crowned 
with winter, hershouldem mmtled with spring; mtumn resting cm her brea& and at her feet, thesummer 
sleeping.” 

“Eskey, C. R.: “Epidemiological Study of Plague in Peru, with observstions on the Anti-plague 
Campaign and Laboratory Work,” September, 1931. MS, files U. S. Publio Health Service. (A summary 

of this paper sppeared in Pd. Healtlr Rep., Nov. 18, 1932, p. 2191. Referentes here are to the original 
paper unless otherwímspecified.) For medical geogmphy of Peru by Provinces, 8ee Lorents, S., & Flores 
Córdova, R.: “Estudios sobre geografh m6dica y patológica del Per&” Lima, 1925, m intemting, if 
incamplete, monogrsph. 

1 “Con~titutional” provinces not incorporated in Departments. 
4 Acwrding to Eskey, thia wa..~ a minar port until about 1926. 
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or small harbors used by coasting vessels, have had plague at some 
time or another, though it rapidly disappeared from most of them. 

TABLB A.-Dates of Plague Infection in Peru by Dspartments, Maritime and Inland Prooinces, 
and Major ami Minar Pcwts.’ 

Demwtments and Swecial Ptooinces 
Tumbee (Province, co&,) : lW9-1940 
Piura (coast): 1904-1940 
Lambaye ue (coa.&): 1904-1940 
Libertad coa&) : 1903-1940 ? 
Anceeh (ca&) : 1909-1939 
Lima (coa&): 19034040 
Callao (Provinoe. oc&) : 1903-1936 

Tumbes: 1909. 1915, 1922, 1940 
Paita (Piura): 1904-1909. 1911-13. 1916. 1918-24. 

1928-29 
Piura (Piura): 180623 
Lambayeque (Lambayeque): 1904-24, 1926-34, 

1936-27, 1940 
Chiclayo (Lambaye 
Pacesmayo (Liberta 

ue): 1904-40 
3 ): 1903-40 

Trujillo (Libertad) : 190440 
San4ag3$Ancneh): 1909, 1911-27, 1930, 1933, 1935, 

Ayabsca (Piura): 1922-29, 1931-32. 1935, 193840 
Huancabamba (Piura): 1920, 1923-24, 1026.31, 

1933~34,1936-40 
Sullana (Pura): 1908, 1912, 1916, 1918-24, 1939 
Cutervo (Cajexrmrca): 1913, 1920-23, 1926, 1937 
Chota (Cajamarca): 1909-11, 1913, 1918, 1920-22, 

1925-26 1P”” .,- ‘c,“” , 1YW‘J< 11108 
%marca): 1906, 1908. 1916, 1921-23, HualgaYoc cc 

1926, 1928. 1930-31, 1934-35, 1939-40 
cajamarca (Cajamarca): 1905, 1918, 1921-27 
&ja,,amba (,%:.m-ml. l<ldCl 
contumazs, ( 

21,192~. 1 
Otuaco. (Ll- 

1926-27,1930-31, 193436 
Maim 

Chancay (Lima): 1909. 191840 
Lima (Lima): 1003-40 
Cafíeto (Lima): 1918-19, 1921-40 
Callao: 190331, 1933-36 
Chincha (Ica): 1924, 1926 
Pisco (Ica): 1903, 1906, 1808, 1912 
Ica (Ica): 1912, 1926-27 
Camanh (Arequipa) : 1909-10, 1920 
181~~Q2~~~qulpa): 1903, lSObl7, 

Moquegua: 1909, 1919 

, 1929, 1936 
1920-24, 1926, 

Mo& Mountaimw) 
Huamaohuco (Libertad): 1908. 1014 
Santiago de Chico (Libertad): 1915 
Pataz (Libertad): 1910 
Hueylae (Ancaeh): 1926 
Yungay (Ancash): 1911, 1915 
Huaras (Ancash) : 1922, 1926 
Bolcgnesi (Ancaeh): 1926-28 
Cajatambo (Lima): 1925, 1930 
Canta (Lima): 1915, 1919, 1926-27, 19: 
Huaroohiri (Lima): 1907-9, 191142, 
Yauli (Junin): 1918 
Huancayo (Junin): 1911, 1926’ 

seaoorta 

14 
1914, 1920 

Psita (Piura): Apr. 28, 1904-1920. 1922, 1926% &laverry (Libertad): June 27. 1904, 1906-9, 1911- 

Pim;;t,;!2Q(Lambsyeque): 1907, 1914, 1917. 1920, 
Puerto Eten (Lambayeque): Sept., 1904-1912, 

Calia 24, 1926. (Callao): 1929-30, Apr. 1934.1940 28, 1903-1931, (rata) 1933-36, 1940 
Pisco (Ica): Apr. 28, 1903, 1906, 1908. 1912 

1914, 1916, 1918-20, 1927-28, 1930,1933 
Pacasmayo (Libertad) : Aug. 1903-1920, 1922, 

Mcllendo (Arequipa): July 26, 1903, 1905-17, 
1919-24, 1926, 1928-29 

1926~30,1937 110 (Moquegua): 1909, 1919 

Minar Seawrts 
Tumbes (Tumbes): 1909, 1915, 1922, 1040 Huarmey (Ancaeh): 1916, 1919, 1922-24, 1930 
Talara (Piura) i 1921-22 Supe (Lima): 1921, 1925-26, 1930-31 
Huy9;;-~ (Labertsd): 1905-14, 1919, 1923, 1929, 

Chii9;;te (Ancaah): 1908, 1912-13, 1920 21, 

Chancay Huacho (Lima): (Lima): 1918-23, 1919-20, 192631, 1922126, 1933-35, 1928 1940 

1927, Ancbn Cerro Azul (Lima): (Lima): 1907. 1907. 1912, 1924, 1915, 1938 1919, 1922. 1926 

Sumanco (Ancash) : 1921 
Cmma (Ancaeh): 1913-25, 1930, 1935 

Lomas (Arequipa): lQO7-08 
Chala (Arequipa): 1007, 1920 

Caletas, or muzll local harbore, not eisited by seagoing veas& 
Lobitos (Piura): Infected 1921, had plague 1 year Guanape (Libertad): 1908, 1 year 
Col611 (Piura): 1916, 3 yeara 
Sechura (Piura) : 1912,3 yeare 

Santa (Ancaeh): 1920, 2 years 
Lurln (Lima): 1916, 6 yeare 

San Jo& (Lambaycque): 1908, 9 yeet’e; 1931 
Malabrigo (Libertad) : 1907, 6 yeare 
Chicama (Libertad): 1907. 4 yeas; 1931, 1940 
Huam6n (Libertad): 1922, 2 yeare: 1935 

Chilca (Lima): 1918, 8 yenra 
Mala (Lima): 1919, 6 years; 1932-33, 1936, 1940 
Mejía (Arequipa): 1905, 1 yeex 

1 Data tc 1930 from Eskey’s tablee. (MS report, September, 1931, supro.) The Departments, Porta, 
Prcvincea, are arranged in arder frcm North to South. Figures since 1930 have been compiled frcm wri- 
cue ecurcee and are probably incomplete, since reporta were nct Jwsye made by town and province. 

2 Wrmerly part of Chile. See Chile. 
8 Pneumonic plague epidemia originating in & case frcm Lima. 

(See Table A.) Seven of the major ports were infected withm the first 
18 months following the original invasion. 
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Peru has the unhappy distinction of having had more plague than 
any other Ameritan country, and no plague-free years since its intro- 
duction. In all, some 21,348 cases in over 630 localities are estimated 
to have occurred from 1903-1940.6 The disease reached its height in 
1908, with 1,691 cases in 53 foci, and there was a second peak in 1926, 
with 1,200 cases in 66 foci, following heavy rains and floods of the pre- 
vious year.6 It seems to have appeared in “irregularly spaced waves of 
increased incidence with a tendency for each successive wave to be of 
less severity,“7 and over the whole period the annual number of cases 
has decreased notably (from some 743 cases per year in 190331 to 116 
per year in 1931-1940 following the creation of the Peruvian Antiplague 
Service and the beginning of the cooperative control campaign with the 
Pan Ameritan Sanitary Bureaus). There has been little reduction in 
the total number of foci, since the eradication of the disease from old 
coastal plague-spots has been balanced by its appearance in new rural or 
mountain areas. (See Table B.) From 1903 to 1930, 88y0 of Peruvian 
plague occurred in the coastal privinces;g in 1939, 66% of the cases and 
60’% of the foci were in that area.lO 

Plague appeared in Peru in 1903, attacking Pisco and Callao at almost 
the same time. The first diagnosis seems to have been made in Pisco, 
May 5, in a customs-house worker first seen May 3. Subsequent 
investigation revealed a suspicious death May 1, and an apparently 
mild case before that, both in customs-house cmployees. Dead rats 
were found on the customs-house premises during the latter part of 
April.11 

6 Frcm 1903-1934, wxne 20,682 cases oocurred in 630 foci. (Long, J. D.: “La peste bubónica en Ia costa 
occidental de Sudamérica en 1934,” Bd. Of. San. Pan., Jal. 1935, p. 617.) In 1935 there mere 103 cases in 
27 fooi; in 1935,152 in 57; 1937,141 in 66; 1938.69 in 29; 1930,130 in 49; and 1940,181 cssas in 49 fo& Fig- 

ures fcr 1941 are running far below 1940 and 1939. 
6 It was believed that the rains fcrced infected animals to seek shelter in populated centers, and &c 

concentrated them, thus producing the larger human incidence. The disease was more prevalent amccg 
isolated ccmmunities in regions where plague cwur8 amcng field rata, than in porta and large tc-. 
(Eskey: MS. See Note 2.) Thii w&9 the largest number cf foci ever reported. 

7 Eskey, cited in “An. Rep. Pan Amer. San. Bur.,” 1932, p. 18. He observed that the initial epidemics 
have usually been more severe than those occurring later in the Bame communitiea, with the excepticn 
of Callao and Lima, where the original epidemica were mild and the later enes 8evere; and that there h= 
been a tendency toward vcluntary diiappearance of plague in communities where the initial epidemia 
were very severe. Rcinfection aoccunted for the continued presente of the diiease in many places. ne 
also reported that by the end of the first 12 years of plague the number of coses had dropped tc about half 
the number reported per year before that time. and at the end of thesecond 12 yeam (1927), it again feU 
to half the number of cases during the immediately preceding 12 years. (Eskey: MS.) 

8 The Peruvian Antiplague Servioe WRB created in 1929, placed cn a permanent bes& Octcber 1930, 
and began functioning effectively by 1931. (Direccibn General de Salubridad: “Decreto Supremo 
creando el Servicio Nacional Antipestoso,” Lima, 1929: Mostajo, B.: “Peate bubbnica en el Perd,” 
report for 1939, Files of Pan Ameritan Sanitary Bureau.) The ccoperative control campaign carried cn 
by the Peruvian authorities and the Pan Ameritan Sanitwy Bureau began in 1930. (See Belcw.) 

0 Eskey: MS. 
10 Mostajc: supra, Note 8. 
11 Artola, M. R.; Arce, J., & Lavorerfa, D. E.: “La peste bubbnica,” 1903, p. 42. Diagnosis by Dr. 

E. Meetanza. See also: Mestanza, E.: “Peste,” Ref. Méd., Nov. 16.1940, p. 711. Hi 6rst diagnosis ws 
malaria, then typhcid, hut cn finding the swcllen glands he began to think of plague. a disease then un- 
known cn the West Coa&. The infected hoces and customs house were hurned, at hi arder, and nc 
further casea appeared. On October 6, 1939, a special meeting of the Peruvian Medical Aasociation waa 
held in honor of Dr. Meatanza, at which he recdled bis experience. 
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Th? first known patient in Callao12 fell ill April 28, and the plague 
diagnosis was made in another case May 7. There were 10 cases of a 

Tnmn B.-Total Number of Caas of Plague Reportad Annually in Pa-u frorn 1003 lo 1940. Listed by 

Y.XLl- 
.?B P 
h-5 BA 4 .$j 3 3 
õ- 
40 

r: 0 0 

G 
"$ õ 8 

eI 
8 

z d 
E; 

;g 0 
n R n R - -- - 

1903 Ib 43 4 61 172 6 
1904 174 123 238 405 940 12 
1905 80 208 14 170 157 146 775 18 
1906 85 61 19 305 118 1 52 641 22 
1907 267 146 492 243 22 Ll70 44 
1908 180 270 20 880 310 1 30 1691 63 
1909 70 226 198 231 2 222 44 6 999 41 
1910 49 204 4 285 121 43 706 27 
1911 93 121 18 313 40 221 69 879 36 
1912 206 122 33 325 15 115 16 61 892 35 
1913 24 259 29 302 25 188 42 869 33 
1914 94 107 16 334 34 120 54 759 34 
1915 66 102 123 8 143 23 455 31 
1916 78 90 2 129 62 125 24 510 34 
1917 14 19 213 6 124 39 414 27 
1918 171 67 23 391 10 162 825 49 
1919 128. 25 12 211 16 214 47 1 654 47 
1920 204 53 39 174 23 214 51 758 45 
1921 205 49 125 142 65 286 12 874 48 
1922 90 76 205 129 40 251 14 804 63 
1923 162 78 138 185 6 309 2 880 48 
1924 35 13 29 48 38 244 3 '8 418 30 
1925 29 73 61 68 7 311 544 24 
1926 124 82 308 156 120 326 55 9 L200 66 
1927 15 ll 31 54 7 174 1 293 38 
1928 170 13 8 76 3 90 1 361 29 
1929 38 36 9 107 102 19 311 40 
1930 ll 35 8 178 4 142 378 46 
1931” 10 22 14 24 34 200 53 
mw? 1 9 14 34 67 33 
lmb 3 23 18 2 63 107 68 
m& 5 9 2 12 18 46 31 
lW= 1 5 3 23 2 57 103 27 
lQ3ijb 7 16 9 63 52 6 152 57 
lwb 27 15 1 51 3 39 141 55 
1938 0 5 1 11 0 42 0 0 0 59 29 
1939 33 12 10 35 1 39 0 0 130 49 
1940 27 15 29 52 67 181 49 

-- - - 
’ Figures from 1903-1930 from Eskey’s table. (See Note 2, Text.) 
b Figures 1931-1937 for Departments compiled from preliminary and sometimea incomplete reporta. 

Total caees and number of foci from yemly summary of the Pemvian Antiplague Service, in most 
inatmces. 

Depatiments fronz North to Sozlth; And Number of Towns Reported Infeeted each Yea~.~ 

suspicious illness among the workers of the Santa Rosa flour mill, Callao, 
from Apri128 to May 7; four of the patients died suddenly and two after 

u Artols et. al.: supro. According to J. F. Martínez, the fist clinical diagnosis of plague in Peru IV& 
made by 8 6th year medical student, Luis Oscar Romero, in the Guadalupe Hospital, Callao. Afta 
making the clinical diagnosis, Romero demomtrated the presente of the plague bacillus by the micro- 
SCOPB, and madeguinea pig inoculations . . . only to have not only theguinea pige, but also hii miorosoope. 
incinerated in the nsme of sanitation. He waa finaUy reimbumed for the cost of the imtrument. 
(MartInsz, J. F.: “Acotaciones sobre medicina e higiene en el Callao,” 1939, p. 134.) Bacteriological 
eonfimation of both Callao md Pisco cae89 wea obtafmd. 
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an illness of two or three weeks (60’35, mortality). Unusual numbers 
of dead rats were reported in the mil1 and in other parts of the City. 
The occurrence of two mild, non-fatal cases of a disease suggesting 
plague, in February or March, in the railroad station area, has already 
been mentioned.ls 

The origin of Peruvian plague rema& a mystery. The Committee 
which studied the original epidemics at the instance of the Academy of 
Medicine’4 did not hazard a guess as to the source, although some of its 
members apparently had their private theories.16 Castañeda suggested 
that the Sernpis, from Bangkok, which left rice in Callao and Pisco in 
December, was the most likely of severa1 vessels which he named,la and 
others have considered the Amasis, a German steamer out of San Fran- 
cisco, which arrived in Callao in February after having been in quaran- 
tine in various ports, as the means of importati0n.l’ 

la See General Review. 
14 Artola, et al.: supm, p. 66. They did suggest that the importation waa possibly through sick 

rats from & vcssel rather than from contaminated merohandise, for the reason that during the period when 
dead rats were being found at the mill, they were also seen in various other places in Callao. and also that 
during the month of May thc number of rata in Callao decreased notably, the animals disrtppearing en- 
tirely from soma of their forma haunts-apparently fleeing the infected aras. 

16 Dr. Arce is recalled as expressing the verbal opinion (1904) that plague wns probably brought to 
Callao by a steamer which carried jote bags from India, although he admitted that it may have been 
introduced some other way. (Personal recollections of Dr. B. J. Lloyd, from unpubliihed memoranda 
in the files of the Pan Ameritan Sanitary Buresu.) Dr. Lavorería, of the Committeo, waa & member of the 
Peruvian delegation which informed the II International Conference of Ameritan Sta& (October. 1905) 
that, while the origin of Peruvian plague was unknown. it was “very possible that plague crome to Pero 
in a osrgo of rice and wheat left by D German steamer in various Peruvian and Cbiiean ports.” (“Trans 
actions,” 1905, p. 176.) Mr. Milne, owner of the mill. is said to have attributed the infeotion toa cargo of 
wheat on a vessel from Australii. (P ersonal recollections of Dr. Lloyd.) Dr. Lloyd% finding of plague- 
infected rata on asteamer while en mute to Peru in April, 1904, and the reported presente of dead rats on a 
sistor ship a year previa&, have already been citad. (See Ecuador, Note 3.) The master of & German 
steamer also informed Dr. Lloyd that rats had diod on board hii vessel for severa1 weeks, without aay 
human illneas occurring. abaut & yertr before the doctor arrived in Peru. In view of such circumstances, 
Dr. Lloyd in 1904 expressed the opinion that plague had been carried up snd down the West Co& “by 
infected rats on merchant veas& for an indefinite period, certainly for more than & year.” (Pub. HeaZtA 
Rep., May 27, 1904.) 

16 Castafíeda, A.: “La peste bubónica en el Callao en Abril de 1903,” Cr&. Méd., Lima, Jan. 31, 1903, 
p. 13, and following issues. See also General Review. 

1’ Mestanza said that the Amasis srrived in Pisco in March, from San Francisco and Callao, carrying 
wood, conserved food products, jama. dried fruit, etc. She had not been received at Salaverry because 
she has touched at MasatUn, where plague was prresent. He observed that if the Bmasis were the carrier 
of the infection to Callao, it could have been brought on to Pisco either by thesame veasel, the rata coming 
ashore in cargo or swimming, or by siok rats in cargo diiectly from Callao. (Ref. MU., Nov. 15, 1940. 
p. 711.) Other statoments include those of the U. S. Minister at Lima, Msy 12. 1903: “the germs of the 
disease are alleged to heve been brought either from India in 8 cargo of rice or from Australia in a cargo 
of wheat, both of which were imported for the mill,” (Pub. HeaZtlL Rep., June 12, 1903, p. 939); of C. E. 
Paz SoldAn (“La Sanidad Pública en el Peru,” presented at the VI Pan AmericBn Sanitary Conference, 
1920, p. 26) that MazatlLn and Australia were smong the pasible eouroes; and of the Peruvian delegation 
to tho VIII Pan Amerioan Sanitary Conferenoe, which implioated “a vesse from Australia with a cargo 
of flour,” (Dep. de Sanidad Púb.: “La Sanidad Pública-P&¡ ante la VIII Conferencia Sanitaria 
Panamericana,” 1927, p. 42.) The U. S. Vice-Consul at Crtllao reported that the outbreak in the flour 
mil1 occurred amoo& laborers engaged during the night in cleaning & cess-pool from which a number of 
dead rata were removed, the rest of the SO mil1 employees being unaffeeted (Pub. HeaZth Rep., June 12. 
1903, p. 939), but the report by Arce et aE. (supra. p. 4-b) mentions the finding of dead rats in other parta 
of the oity, as well &s in the varioua Boors and sections of the place, including the parda, and ~paces under 
the roof, and & room in which secks were stored. 

Eskey has said: “It is posible that Pisco snd Callao were infected by the same veasel, but more prob- 
able that Callao waa the first port infectad, and the diiease spread from there up and down the coa&. 
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Whatever its origin, plague spread rapidly along the West Coa&, 
infecting most of the principal ports within two years,lp and eventually 
reaching inland and even mountain communities. The course of the 
infection in Pisco and Callao was typical of the variation seen throughout 
Peru: the former City had but four cases in 1903, and very few thereafter 
(a total of 18 cases have been reported, in 1903, 1906, 1908, and 1912); 
whereas Callao had 33 cases in 1933, and a total of 780 cases from 1903 
to 1940, only the years 193234, and 1937-41 being free from human 
plague. 

According to the observations made by Eskeylg in his epidemiological 
studies in connection with the cooperative plague control campaign 
begun by the Peruvian authorities and the Pan Ameritan Sanitary 
Bureau in 1930, the spread and persistence of Peruvian plague has 
depended principally on the rat and the nature of its harbors.20 Cities 
well outside the favorable climatic aone, notably Paita and Mollendo, 
have suffered heavily from human plague because their wooden build- 
ings were especially attractive to rats; Lima City, on the other hand, 

There are severa1 theories regarding the original source of infection, but no prbof that any particular 
vesse1 was responsible.” (MS report, supra, p. 4. See Note 2.) 

18 Thie rapid spread of plague by sea (even though this was the principal means of communication) 
ie interesting in view of the fact that Callao WBS the only Peruvian port where vess& tied up at wharves, 
the cargo being handled in other porte by lighters from ships anchored in the roadstead. Lima, con- 
nected by rail with Callao. did not report any plague infection until Ootober 6.1903, later than the distant 
porte d Pacasmayo and Moliendo. This preferente for the 8ea route wes thought by Eskey to point to 
the rat rather then to the flea as the principal carrier. (Pub. Health Rep., Nov. 18.1932, p. 2196.) Lloyd 
hes made axne interesting observations regarding rata which indicate their ability to go placea without 
gangplanke or cables. He once found a plague-infeoted rat inside o. large box brought to land from Q 
vessel. (An. Rep. U. S. Pub. Health Serv., 1915, p. 250.) At ene time he wes essigned to B temporary 
smallpox isolation camp 011 an island in the Behring sea. and though the island oould be reached only by 
row-boat, at the end of two months when the camp wae abandoned, an adult female rat and half a dozen 
young were found. On another occasion, he saw a rat jump out of an old truak when it wes opened for 
inspwtion, before being dieinfected. (Unpublished personal observations of Dr. B. J. Lloyd, files of 
Pan Ameritan Sssitary Bureau.) 

19 See Note 2. 
20 Eskey has said that “there is no doubt that tho extent of the rat infestation of buildings bes de- 

termined the morbidity of plegue in the different oommunities from north to South in Peru regardlees of 
diñerenoes in climatic eonditions.” (Pub. Health Rep., Nov. 18,1932, p. 2195. 

The buildingrì in the various ports nnd oities often dated from colonial times or from the early days of 
Independence. Those along the co&, especially ín central and southern Peru were and are msinly of 
large sun-dried clay bricka (adobe). Quimba (a cane framework plastered with a thick clay and mud 
ooating) is a modificztion more eommon in tbe north than in the south. and is also used for second stories 
wheresuch existed. All housea except the very cheapest have a bard plaster vencer inside and out; the 
vencer of new or remodelled buildings is often of cement. The walls of adobe buildings do not offer very 
good rat harbors, though unveneered walls often have openings where rate may neet. Qrcincha buildings 
frequently havs dable walls. especially in northern Peru, affording harbas. Houses of the pooreet class 
have no floors. and rata may burrow through the earth. In northern Peru the floora of buildings are 
more often elevated, becase of the heavier rains, and wooden floon are more common than in the South. 
In Lima and Callao the floors, when raised, often rest on a solid olay base. Most of the poorer tenement 
housea in these two cities have cement floors; the better buildings havetlle. Second story floors are rarely 
ceiled on their under surface. Roofs of most cheap buildings are made by plaeing grass or leaf thrttcbing 
over cane polea and covering it with clay; the roofs zare thicker in the north, and often ceiled. Ceilings 
are rrue in the South. Frame or wooden buildings are rare except at Paita snd Moliendo, where nearly all 
construotion is of wood, and at S&verry, where half of them are; these wooden buildiigs have more 
double WF&. ceiled roofs, and similar harbon, than the adobe and quindm structures. (Eskey: MS 
Ieport. See Note 2.) Another custom atrording rat harbors wes that of filling in the space under the 
floor with ashes to prevent dampness. (Martfnez, J. F.: supra, p. 116.) 
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has had a fairly low morbidity rate despite the presente of a large 
exterior rat population and infested sewers and a more favorable climate.z* 

However, aside from the influente of rat harbors, Peruvian plague 
has favored certain climatic zones more than others. In the colder 
region South of 13”, where the average mean annual temperatures were 
below 65 F) the incidence was very low, except for the port of Mollendo; 
epidemics were mild and of short duration, and the disease soon disap- 
peared from the few foci, al1 of which were near the coast. Two thirds 
of the ports in this region were never infected, nor were small farming 
communities. The extreme northern region (north of 5”, mean annual 
temperatures 75” or higher) was also unfavorable to plague; the disease 
occurred in but three of the eight seaprots, and the outbreaks were mild 
and of short duration. In the neighboring area between 5 and 7”, 
where the mean annual temperature was over 71 F, severe epidemics 
have occurred in the larger communities, but except for Paita and 
Catacaos, the average incidence per 1,000 population was not as great 
as further South, and the smaller communities remained free of plague.22 

The central part of Peru, between 7 and 13” (where the mean monthly 
maximum temperatures of the warmer, northern part rarely exceed 
85 F and the mean monthly minimum temperatures of the colder, south- 
ern part seldom fall below 55 F) and especially that between 7 and 9’ 
(where the average annual mean temperature is from 69 to 71 F) has 
suffered most from plague. The disease has spread very rapidly in this 
area, it has been much more persistent, and the incidence of human 
plague, both rural and urban, has been greater than elsewhere. The 
disease has shown little tendency to disappear voluntarily, in contrast 
to the situation in the districts north and South of this region. 

Climatic data are not available for the mountains, but it may be 
noted that no plague has been reported from the higher altitudes South 
of 12”, even in communities (such as Arequipa) which have direct rail 
communication with infected ports. While the original mountain 
infections were undoubtedly derived from foci on the coast, the disease 
seems to have become firmly established in the most northern mountain 

*1 To present a olearer picture of tbe prevalence of plague in certain ports and citiea. Eskey has estT 
mated the average number of casos per thousand population per year, warning that the figures do not 
represent tha actual number of cases per thousand. The index for Paita waa 9.78 (highest for sny port); 
for Moliendo, 2.71; for Lima City, 0.38. The figures for ports from north to south may be of intercst, 
showing the general& heavier incidence in central Peru. with the exception of Paits and Moliendo: 
Tumbes, 0.14: Talara, 0.27; Paita, 6.78; Pimentel, 0.26; Eten, 1.34; Pacabmayo. 3.08; Huamchaoo, 3.80: 
SaIaverry, 3.38; Cbimbote, 1.79; Samanco, 1.12; Caama, 1.62; Huarmey, 1.70; Supe, 2.04: Huacho, 1.48; 
Chanoay 1.22; Anoon 0.26; Callao 0.39; Cerro Azul 0.43; Pico 0.07; Lomas 0.8’7; Chala, 0.69; Moliendo, 
2.71; 110, 0.09. (MS report. Table 9. See Note 2.) Torna not seaports, of more than 4,000 population: 
Sullana, 1.73; Piura, 1.27: Catacaos, 4.34: Lambayeque, 1.35; Chiclayo, 1.43; Ferreñafe, 1.61; ChepBn, 
0.91; S. Pedro, 4.36: Trujillo, 2.06; Ascope. 0.79; Barranca. 1.10; Lia, 0.38; Chosioa, 0.74; Chincha, 1.13; 
Ica, 0.01. None south of Ica in towns of more than 4,000, except for the port of Moliendo. (Iixii., 
Table 12.) 

22 These observationa on plague and climate aro summarized from Eskey’s report. (Seo Note 2.) 
His tablea were made from data furniahed by the statistical diviaion of the Peruvian health department. 
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provinces (Piura) and to have had no further relation to coastal epi- 
demics, whereas South of this area, there does appear to be a relationship, 
with outbreaks in the mountains following flare-ups of the disease on the 
coast.23 There has evidently been a connection between some outbreaks 
of plague in northern Peru and southern Ecuador (see Ecuador). The 
flrst cases reported from the Peruvian provinces were in 1920 (Huanca- 
bamba) and 1922 (Ayabaca) but whether these were the earliest it is 
impossible to determine. 

The inland, mountain Department of Cajamarca has had cases in one province 
0; another nearly every year since 1905, though the average yearly incidence per 
1,000 population has not been as great as in the Piura mountains.24 Many short, 
severe epidemics have occurred at altitudes of over 8 and 9,000 feet in Cajamarca 
Department. Contumaza province is connected by rail with infected coast 
towns in the Department of Libertad, 25 but most of the cases in the Department 
of Cajamarca and in the mountain provinces of Piura have been in isolated com- 
munities connected only by mountain trails over which freight must be carried 
by pack animals. 

The two outbreaks of plague in the Department of Junin are of interest, since 
both occurred in a valley less than 4,000 feet above sea leve1 but accessible only 
by crossing mountains 14,000 feet high.27 

An important focus of Peruvian plague has been the hacienda, an 
agricultura1 community or small village, with a floating population 
of from 50 to 200 persons, or, in a few instances, as many as 2,000.28 
The two chief products, both on the coast and in mountain valleys, 
are sugar cane and cotton. In the northern part of Peru, rice is grown. 
Corn is raised to some extent on al1 farms. South of the Department of 
Lima are large vineyards and orchards. 

Plague invaded the haciendas rapidly-those in the Trujillo district were 
reporting cases before the city had been infected from its neighboring port 
(Salaverry). In the Province of Lima, the third and ninth cases of the primary 
epidemic mere reported from haciendas severa1 miles from Lima in opposite 

*I As in 1915-17, when plague decreased both on the ooast and in themountaim of this area; 1913, when 
there was a flareup cm the co& and the disease reappeared in the mountains; 1920-26, when it was wtive 
in both regions, and 1927, when it decressed in both. (Eskey.) 

*’ To 1930. (Eskey.) 
26 However, thi would not necessarily mean that all cases were traceable to these towns. An inspeo- 

tion trip in February, 1940, by Dr. Anthony Donovsn, Traveling Representative, Pan Ameritan Sani- 
tary Bureau, and Dr. A. Ramos Díaz of the Peruvian Antiplague Servioe, showed plague to be rather 
widespread in the Cascas and San Benito districts of Contumaaa, with Rattus &zandrinus “the apparent 
reservoir.” (Report of Dr. Donovan ta the Pan Amgrican Sanitary Bureau. 1939-40.) 

26 Eskey: MS. Dr. J. D. Long haz reported instances of posaible transmission of plague bu fleas car- 
ried by muleteers. See below, Fleas. 

f’ Eskey: MS. 
*8 The worken arehoused in solid blooka or ranc~eri~s of small, ene story adobe houses, or, in northern 

Peru, in dwellings built of eane. Living conditions on many haciendas are very peor, though legislative 
attempts at improving conditions date back many years. (Eskey, MS.) On small farms or fundos, 
the workers often live in ranchos, or huta with walk of poles, a clay-and-thatoh roof, and earthen floor. 
Accordiig to Lorente and Florea C., rural hygiene legislation and the voluntary action of wxne property 
holders has greatly improved the situation in 8orna places. (“Estudios sobre geografla,” etc., supra, 
p. 78.) 
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directions, and within the first year and a half, 19 other haciendas were invaded. 
In Libertad, sugar-cane is the principal hacienda crep. In Lima, where crops 
are more varied, the greatest incidence of plague has been in the recently-infected 
Cañete valley, where cotton is raised (16 out of 18 haciendas infected within 
2 ycars); next in order come haciendas growing both sugar cane and cotton (only 
about N of these were infected, over a period of 28 years) ; while those raising 
bananas, vegetables, and dairy cattle, have had the lowest incidence of infection.29 
From a study of the statistical relationship between urban and hacienda plague, 
Esltey concluded that in certain areas (Chiclayo, Pacasmayo, Lima, Callao) 
plague might eventually disappear from the haciendas once it had been eradicated 
from the cities; but in others (Trujillo, Piura mountains), the rural plague seemed 
to persist independently of that in towns. 

Reinfectiom-According to Eskey, Lima and Callao were the only 
places “where plague was reported in 1930 that the statistics do not 
indicate that reinfection has occurred.“3° He expressed the belief that 
Chiclayo had probably been reinfected three times, Trujillo once, most 
of the other coastal towns at least four times, Paita probably six times. 
Except for the second epidemic at Mollendo, the reinfection was never 
as severe as the original invasion. He has observed that the invasion 
of new ports or reinfection of others coincided very closely with the 
severity of plague among the rats at Callao, as indicated by the number 
of human cases reported.3’ 

In 1934, after studying the circumstances surrounding the increase of Peruvian 
pla&ue in 1933, Drs. J. D. Long and Benjamin Mostajo32 advanced the theory 
that the introduction of plague on severa1 occasions was due to the importation 
of infected fleas in bales of empty jute bags from India.33 The factors on which 
the theory was based included: the appearance of cases of plague in five widely 
scattered localities among persons who had handled freshly opened bales of jute 
bags (or who had been in the vicinity of such bags) which had been left at 13 
Peruvian ports by the steamer Solu~k out of Calcutta in 1933; that no plague 
occurred among the crew of the Solufric or among stevedores; that dead fleas 
were found inside bales of jute bags from the Solufric; that moths and lite which 

*P Eskey: MS. 
10 Eskey: cited in “AL Rep. Pan Arar. San. Bur.,” 1932, p. 19. 
81 During 1903 and 1904 (accompmying the initial epidemic at Callao), oven seaporta vare reportecl 

infccted: during 1905 tbere w&s 8 1~11 in the Callao opidemic and little invasion of other porta; during 1907, 
1903,1909, there was & marked incrase at Callao and 12 zdditionalseaports were invaded, and even aa Iste 
IX 1920 22, additionsl port8 have been infected when plague vas .eevere at Callan. Eskey observed that 
“it ia believed that Callao has been the source from which plague has spread to most of the other porta 
bocause it is tho only place where rats have direct mcem to vess& from shore.” (MS, p. 47.) He &XJ 
said that “the fnct that plague has spresd more slowly by railroads m?ms to warrant the conclusion thst 
1% rats which pass between vessels md the shore are more involved in the diiemination of plague than 
infected flem oarried in cargo as this means of infection would be equally applicable to shipmenta by land 
(>ì sea. In caso of an epizootic of plague among rata on board FL vesse1-a condition unlikely ta occur in 
railway oars-both infccted rats and fleas are liable to he carried nshoro in cargo.” (MS, p. 45.) The fact 
tbat ship-wiso port rats are espccially fiable to seek vesseIs when 5ceing from B ~evere epizootic was men- 
tioned, together with the opinion that plague probably spreads more easily during violent outbreaka 
because rats will flee a violent outbrcak but not always an endemic. 

a* Traveling Representative, Pan Ameritan Sanitary Bureau. and Chief of the Peruvian Antiplague 
Service, respectively. 

ZaBol. Of. San. Pan., Nov. 1934, p. 1018. “Experiencias con pulgas como portadores de peste bu- 
b&ics.” 
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revived after being trapped for 80 to 90 days in bales of jute bags were found in 
recently arrived bales; that the inside temperatures of bales arrived from India 
within a week was so cold that the bales became damp inside from condensation 
of the air; that the inside temperature of bales from the Solufric six months after 
arrival in Peru were still2” to 3” C lower than the temperature of the warehouse; 
that particles of cooked food were found inside the bales; that some of the bales 
mere shipped directly to the boat from the Indian factories so that the fleas might 
not have died, but have entered into a state of hibernation as the vessel reached 
cold climates; and that the localities where plague appeared after the receipt of 
the jute shipments, had been free of it for from one to seven years.34 It was 
pointed out that great quantities of jute bags and burlap are imported into Peru 
for sugar and cotton haciendas. Inasmuch as the investigations were begun 
severa1 months after the arrival of the Solufric, it was impossible to prove whether 
or not live, infected fleas actually had been present in the inside of the bales of 
jute on their arrival, and, according to the investigators, since most bales of jute 
lay stored in Calcutta for severa1 months at a warm temperature, the fleas would 
usually die before the cargo was ever placed on board ship; only when burlap 
or bags were shipped directly to the vessel from the factory, would the possibility 
of flea survival occur. The theory aroused much interest and discussion. (See 
General Review, and Chile.) 

Rats (See also Table 4).-According to Eskey, alexand&us and 
rattus were the predominating species in the towns of northern Peru, 
except Pacasmayo, where 99% were norvegieus. In the rural districts 
near Lima, norvegicus, abxandrinus, and a small, grayish field raV6 
were found. A few wild reddish-brown rats like those caught in the 
mountains of Ecuador were found in the mountain foot-hills.36 Aìexan- 

14 Hacienda LS Quebrada, plague May G in bale handler (bales from Cerro Azul, &xst case for wer 
a ycm): Callao, plague rata June 16 (6rst plague rata since Oct. 1930 except for “imported rat” Aug. 1931) 
and human ~88~ Jul.-Oct. (firat since May 1930); Chimbote, Jme 24, fatal septicemic plsgue in bale 
handler (first since 1927); Puerto Eten, June 19, infected rata in customs-house area (where bales were 
stored: first phgue in well over & year) and guinea pig and human saptioemio plague at B rice mill where 
jute balea had been sent from this port: NepeBs. suspicious deaths (thti place had received bales from 
Samanao). Bales mere left the laat of April ond tist of May at Moliendo (April27, 1933), Pisco, Cerro 
Azul, Tambo de Mora. Callao, Huacho, Supe, Srtmanco, Chimbote, Pacasmayo, Eten, Pimentel, snd 
Paita. 

Dr. Long hae recalled a number of interesting observations regarding fleas. includiig an occurrenc~ 
in Argentine, when a rat and flem were transported in & bale from Rosario to an hacienda in Paraguay 
which had never before bad plague: the development of plaguein peone8 (laborera) in Iqtique, Chile, who 
had been bitten by fleas while opening balea of empty sacks; and bis own observation that fleas will burrow 
into blankets and not come out until atimulated by warmth. (Letter of September 18, 1933, from 3. D. 
Long to Pan Ameritan Sanitary Bureau. The letter refers also to two large sugar hackx3aa which, in 
contrast to other such àaciendas using large numbers of jute baga, vare free from plague, and which, it 
was found, imported their sacks by way of Europe and stored them for some time; and to the fact that 
rice hwiendos (which used the new SS& in arder to stretoh them) had more plague than rice milis, which 
use the sacks after they have been stretched by the unhusked grain. These were regarded as highly 
interesting coincidencw) 

86 Somewhat similar to alezandtiws; it is about the sama color, has large eara, is ordy about t the size. 
Its tail is slender and about the same length as the body, lighter in color than the body, and has & fine 
indistinct segmented appearance. The rat has only 8 mammry glands, is not esught easiiy in snrtp traps 
and seldom enters a oage trap: is thought to be & kind of rice rat. (Eskey.) 

38 This msy be the rodent classified by the Smithsonian Institution from specimem sent by Dr. Henry 
Hsmon as Sigmodon Pemanw. These specimem mere found during inspection of the antiphgue work 
at Trujillo and Salaverry, July 15.1937, and mere oharacterized by short taila, plump bodies, and teeth 
shorter md brosxler than those of norcegicus, olezandrinw, or rattzls. Fleaa from these rodents mere clmi- 
fied by A. Ramos Díaz BS RhopalopsyUus litargua. Similar rodenta wereseen in the Protice~ of HUUUX- 
bamba, Peru, and Loja, Ecuador. (Report of Dr. Henry Hanson, Traveling Representativa, in “An. 
Rep. Pm Amer. San. Bur.,” 1937-38, pp. 23-24.) 
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drinus and rattus were most prevalent where buildings offered the best 
harbors;37 norvegicus bred prolifically in sewers, on the banks of irrigation 
ditches and rivers, garbage dumps, cotton, sugar cane and corn fields, 
banana plantations, vegetable patches, and orchards. Over 99% of 
the rats caught in sewers were norvegicus. Eskey remarked that “the 
lack of heavy rains and the moderate temperatures of Peru favor a large 
exterior rat population which is limited only by the food and water 
supply.“38 

It was observed that apparently the majority of Lima rata were born during 
the warm months and matured the following spring. The decreased incidence of 
plague in non-reinfected communities after a few years suggested a decreased 
susceptibility in surviving animals; the persistence of plague in communities 
despite a low human incidence was considered as possibly due to the presente of 
few rats in buildings (rendering their contacts less frequent, so that they would 
neither be exterminated nor be immune) and the invasion of buildings for one 
cause or another by sewer and other rats from exterior harbors.38 

Mice.-In the 1903-1904 outbreak in Lima a large number of mice were reported 
found in infected buildings, and health officers have since often removed dead 
mice from the rooms occupied by plague cases. In June 1931 such a mouse was 
found to be plague-infected. It is thought this animal may possibly play an 
intermediary role between rats and humans.40 

Wild rodents and other animals.-Plague infection among wild rodents has 
never been demonstrated in Peru, despite careful search.41 The only other animal 
mentioned in the reports is a sick cat with swellings in its neck which was killed 
and incinerated when found in a Callao hotel during the 1903 outbreak.42 There 
was no bacteriological examination of the cat. 

Fleas (See Tables 5 and õ).-The species of fleas found in Peru are X. cheopz’s, 
L. musculi, C. loncliniensis, Rh. cavicola, Rh. litargus (found on the grayish wild 
rat), Ct. felis, Ech. gallinacea, Sternopsylla texanus (on a bat), and Hectopsylla 
sp.43 X. cheopis was the most common rat flea throughout the entire Peruvian 
coast area and a few were also found on guinea pigs, dogs, cats, opposums, and 
man. According to Eskey, “it can be reasonably concluded that X. cheopis is 
probably the only transmitting agent responsible for the continuous and severe 
epidemic of plague that has oceurred in Peru since the introduction of the disease 
in 1903.“44 The only other flea considered of importance in Peruvian plague is 

*’ However, Donovsn found an apparent reservoir of aZezand&w in the rural twea of Contumazs 
(Cajamarc&). See Note 25. 

*aEskey: Pub. Health Rep., Nov. 18, 1032, p. 2196. 
‘9 Ibid., p. 2107. 
‘0 Eskey: MS. 
‘1 Ionp, J. D.: “AL Rep. Pan Amer. San. Bur.,” 1938-40, p. 16. 
‘3 Artola, el al.: suwa, p. 4. 
4% Eskey: Thii H~ctopa#a is said to be a different speciea than H. warezi, though greatly resembling 

it. Thefemalestays with tho host afta death and it is di5cult to remove it without tearing off the mandi- 
bies or head. (In ene instance, Hectopsylla remained on & dad rat for three days, ignoring a live animal 
whioh wrw placed with them.) The adult females were the large& fleos found in Peru; the males the small- 
est; there was but ene malato about every 200 females. It waa found anly on rata (especially noroepieus) 
and guinea pigs, and more frequently on rata in buildinge then others. Severa1 rata had 60 oì more, 
and ene had 449 (with only 2 mal@). Heclopsylla attach themselves to the region about the mouth, nose, 
eyes, and e&m. 

~Eskey: Pt&. Health Rep., Nov. 18,1932, p. 2199. The cheopia index ~88 gre&ar for rate caught in or 
nwr buildings, in cotton, sugar ame, and cornfields, snd in untreated garbage dumps. The oheopia 
index of aewer rata and those inbabiting the bannks of irrigation ditches waa lower than that oonsidered 
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P. irritans. Infected P. irritans were found on ponchos used by a plague-stricken 
family in January 1938, and Ramos Díaz has suggested that since both X. cheopis 
and P. irrttans have been found on guinea pigs, the former may act as an inter- 
mediary between rats living in the fields and the domesticated guinea pigs, and 
the human flea as the vector between guinea pigs and humans. Infected human 
fleas carried on clothing may also be the cause of human cases not preceded by 
epi500tics.46 

Other parasites.-In June, 1934, Dr. Benjamin Mostajo and Laboratory Teoh- 
nician ColicMn Arbulú of the Peruvian Antiplague Service removed 9 lite (P. 
capitis) from the head of a person ill with plague, ground the lite and inoculated 
them into a guinea pig, which died of plague. Head lite from healthy persons 
were then placed on infected guinea pigs, and later inoculated into healthy guinea 
pigs, infecting them with plague. Healthy guinea pigs which had merely been 
placed with Iive, infected lite, did not become ill, so that the experiments seem 
to indicate that lite may be infected both naturally and experimentally, but are 
unable to transmit plague by biting. As noted in Ecuadorian plague, however, 
lite may be important in the production of tonsillar plague, due to the native 
custom both in Peru and Ecuador of cracking them between the teeth. Tonsillar 
plague (anginu pestosa) is said not to be rare in the mountains of northern Peru.4e 

It may be mentioned that experiments with the guinea pig flea, Rh. cavicola, 

necessary for the propazation of plague epidemias. The cheopis index for tbe tot&l numbsr of ruttus and 
alesandrintls waagreater than that of xoroegicua, butifinfestedrate onlywere counted,nome,&uswm most 
heavily parasitized. An apparentslight reduction in the number of X. cheopi.s during the warmer months 
ms probably due, in hi opinion, to the fleos spending less time on their bosta during that period, and 
not to m aatual reduction in their number. The exterior temperatures of Lia are favorable ta the ñea 
the year mound. In feeding experimenta it was found that the average length of life of mfed cheopin 
(14) waa between 4 and 5 days when the mean temperature was 63.3 F and the relative humidity very 
bigh; ene unfed female did not die until between the 7th snd 8th days. (Pub. Health Rep., supnz, p. 2199.) 

(6 Ramos Dfm, A.: “Epidemiología de la peste bubónica en la Sierra dd Depto. de Lambayeque,” 
Bol. Oí. San. Pan., Sept. 1938, p. 776. At La Mont@iita, on an haciendo in the Department of 
Lambayeque. & womm died Jan. 6,1938, afta 3 daya’ illness; the circumetancea were concealed from the 
authorities leat her ponchos and other effede be burned, and the clothing waa t&ken hornee by relatives. 
On Janumy 27 and 30 two children in the family of the relativea fell ill, md recovered after the administra- 
tion of antiplague mmno, which wm also given to other contacta. Infeded P. irritans wem found on the 
ponchos of thii family. In the hoce of the iirst oase, 15 days after her death there was an epizootic mnong 
her guinea pigs (22 died). The second family bad no guinea piga fn its hut. The diagnosis of plague 
i.n the original cmo waa confirmed bacteriologically from plague germ recovered from the rib marrow 
afta exhumation according to the method of Uriarte of Argentina. In the vicinity, 20 rata were trapped, 
al1 rottus. and four wild rabbits. Marine infection could not be proven, but rattus was believed to be the 
reservoir. Guinea pigs in thii area had many fleas, 50 to 60% of whiah were P. irritans, and the reat Rh. 
cdcoZa. Ramos Díaz and H. Colichón Arbulú were able to contiro experimentally the ability of P. 
imilam to trmwoit plague. Ramos Dfnz has said that P. iwitam mrried in clothig may possibly be 
a factor in the tlppearance of sporsdic cases along the co&, not preceded by murine epizootica; and &o 
that ruttus, intensively combated in the co&, no doubt has sought refuge in the .wmn&z or hill~, where 
it infects, through guinea pigs, P. irritans, and thus, man. 

. 

In 1934 Long reported that the first cases of plague in over three years in Humcabmba were four 
cases the first of which occurred in a womm who kept m inri at which muletsers stopped; she fell iU afta 
an epimootio mong hez guinea pigs. The other tbree cases mere thought to have originated from infected 
guines pigs bought at Lacch&n, the site of the ion. Huancabambs lies in the provinoe of the same name, 
at 9,842 feet. A similar outbreak ocourred in Andabamba (Cajamarca province), at 8,202 feet. (Long, 
J. D.: “LS peste bubónica en la costa occidental de Sudamérica en 1934,” Bol. Of. San. Pan., Jul. 1935. 
p. 622.) 

Of more than 1,000 fleaa from clothing, bed-clothes, saddlsclotha, etc., 80 to 90% were P. irritans; 
the re& Rh. ca!Gxdo, and & very few clteopia and canis. (Long: Ibid.. p. 622.) 

Eskey noted in 1931 that the greatest seasonal incidence of human plague occurred at the time of year 
(Deoember to Febroary) when P. irritana attaoka both mm and rats most frequently, but eaid that thie 
might be mere coincidence, and pointed out that certain inlmd towns where P. irritans is found have 
remained free of plague. (MS.) 

Q Mostajo, B., & Colichbn Arbuhí, H.: Infectabilidsd del PedicuZus capitis con el bac& pestoso, 
Ref. Méd., Aug. 15.1934, p. 524. See dso Bol. Of. San. Pan., Jui. 1935, p. 619. 



710 PAN AMERICAN SANITARY BUREAU IJUlY 

revealed identical results: the insects could become infected, but were unable to 
transmit the disease by biting.4’ 

It was thought that bed-bugs might possibly act as intermediaries from infected 
mice in sleeping quarters, but this was merely conjecture without any experi- 
mental or other evidence.48 

Seasonal incidence.-According to Eskey, in al1 sections of Peru 
the annual plague epidemics tend to reach their greatest height during 
the summer months (Jan.-Mar.). Even when the winter temperatures 
of one community are about as high as the summer temperatures of 
another, the annual peak in both places usually occurs during the sum- 
mer. When winter months are warm the number of human cases begins 
to increase during the last winter month or early in the spring and 

I reaches its highest point early in summer; in colder climates the annual 
rise begins late in spring and the peak occurs in late summer. In the 
towns of northern Peru, where the morbidity rate has been high, there 
has been a more decided seasonal prevalence, with short and violent 
epidemics, whereas in Callao and Lima there has been but slight differ- 
ence between the percentage of cases during the summer and winter 
months.49 Unseasonable epidemics have occurred in all parts of Peru, 
including Mollendo. The seasonal incidence in some rural communities 
depends on the crep seasons and varies considerably from that of towns 
in their vicinity. Where cotton is grown, the seasonal incidence depends 
almost entirely on the migratory movement of rats.60 In Lima and 
vicinity changes in climatic conditions over 22 years seemed to have 
had no effect on the annual number of cases, but in warmer northern 
Peru (especially Piura and Lambayeque) it is said that unusually high 
temperatures probably reduce plague prevalence. 

Kinds.-The majority of Peruvian plague has been bubonic, with 
the inguinal bubo the most common localization, followed to a lesser 
degree by the axillary and the cervical. According to records kept 
from 1904-1907, less than 3% of the cases were pneumonic. There 
was a suspicious pneumonic case in connection with the original out- 
break in Callao in 1903,62 and two other cases showed symptoms of 
secondary pneumonic plague.53 It is said that pneumonic cases have 
occurred especially at the beginning of summer.54 In June, 1904, six 
pneumonic cases were reported at Colán, near Paita.65 One of the two 

4’ Bol. Of. san. Pan., hl. 1935, p, 022. 
48 Eskey: MS. 
19 Eskey: Pub. HeaUh Rep., Nov. 18,1932, p. 2196. He has ohserved that possibly the mingling of rats 

during the spring mating msy partly aocount for the increase in plague then, though thero is no positive 
evidente of this. 

60 Ibid., pp. 2194,2197. Dr. Long has also emphasized thii point. (Lettera to the Pan Amerioan Sani- 

tary Bureau.) 
61 Eskey: MS. 
6% Artola et al.: supra, p. 29. 
68 Castañeda: supra. p. 66. 
u Lorente and Flores C.: supm, p. 86. 
66 Pub. Heazth Rep., 1904. 
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epidemics in the Department of Junin was pneumonic, with 21 cases, 
the original infection coming from Lima. The vesicular form of pIague 
(vZrmeEa pestosu) found in Ecuador is rare in coastal Peru. Angina 
pestosa is found in the northern mountains. A few atypical cases have 
been observed.66 Mortality records of Lima to 1930 showed a total 
mortality of 51%,, varying from 407n to over 60910.s7 According to 
another report (1925), the mortality for the capital was about 30%, 
and elsewhere, about 5070.58 

Vaccination and serum-therapy.-Both vaccination and serum- 
therapy have been regarded favorably in Peru, though there is not a 
great ded of speciflc information on their use. In 1925, Lorente and 
Flores Córdoba reported that, to test its value, vaccination on an inten- 
sive scale was practiced on almost al1 the inhabitants in Piura, Caja- 
marca, Lambayeque, Libertad, and Lima, and it was found that, 
especially in Cañete and Chiclayo, such vaccination, carried out in 
winter, maintained those areas almost free of plague. General sanita- 
tion measures were carried out along with the vaccination.59 Eskey in 
1931 stated that “prophylactic vaccine has probably reduced the 
human incidence to some extent.“O However, in recent years the 
tendency is to place little reliance on mass vaccinations, but to concen- 
trate on the destruction of rats and sanitation of premises, giving injec- 
tions of serum to contacts when a case of plague appears.61 Serum is 
the customary treatment for plague cases. In Paita in 1904 the mor- 
tality among 30 serum-treated cases was 23% and among the entire 
group of 56 cases, 53%, during two months.‘j2 

Control.-When plague slipped past the quarantine barriers which 
mere the principal sanitary precaution of the times,63 in 1903, it was 
immediately evident that the division of health authority which had 
existed since the establishment of the National, Departmental 
and Municipal Boards of Health in the early days of the Republic 
(1826)64 was an obstacle to unified and effective work against this 

61 Two cases in Lima, about 1933, and Aug. 1934, fatal cases positive on inoculation, but with no plague 
pathology at autopsy, and no plague bacilli in the spleen. (Letter from J. D. Long to Pan Ama. Sm. 
Bur., Sept. 5, 1934.) 

6’ Eskey. 
68 Lorente and Flores C.: supre. 
68 Supra, p. 87. 
60 MS. 
61 Serum ~89 manufadured in the Laboratorio Nacional de Vacuna, y Seroterapia (National Vaccine 

and Serum Laboratory) in 1925. md is at present being made by the National Institute of Hygiene, which 
took over the functions of the earlier imtitution. 

82 Pub. h’ealth Rep., 1904, p. 1797. 
03 These were geoerally a matter of locking the barro door after the horse is stolen, inasmuoh &s they 

were applied with most vigor after 8 pestilente had entered the country during 8 period of reisxation. 
This experience has been, of eourse, universal. Peru mas an early advocate of international cooperation 
in liberalizing quamntine procedures; she took part in the 1881 International Snnitary Convention in 
Washington, and called aconference of her own in 1887. See: Paz SoldBn, C. E., & Lorente, S.: “Cien años 
de política sanitaria marftfma en el Perú,” 1924: and Moll, A. A.: “The Pan Ameritan Smitury Bureau.” 
Bol. Of. San. Pan., Deo. 1940, p. 1222. 

6+ The decree of September 1.1826, said to have been due to the work of Dr. Unanua and bis friend José 
Marfa Pando, provided for 8 Supreme Board of Health with supervisory and sppointive powem over the 
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invader. In November, 1903, a national Department of Health (DMec- 
cGn de Salubridad) was created,@j with Dr. Julian Arce as Director. 
An extensive program of health work was undertaken,ôB in addition to 
the campaign against plague which was the first objective. Isolation 
hospitals were built or improved; three ship disinfection stations were 
established (Callao, Paita and 110) to prevent the reintroduction of the 
disease and its spread to foreign ports from Peru; and measures for the 
care of patients were prescribed.e7 However, the respective roles 
of the national and local bodies were not yet clearly defined, and pro- 
vincial governments were still jealous of their authority in matters of 
local sanitation, building construction, and hygiene, and after the first 
wave of terror at the appearance of plague had passed, they resented 
national interference.68 Peru promptly (August 23, 1906) ratified the 
Washington Sanitary Convention of 1905, and in conformity with its 
provisions issued regulations regarding bills of health, and declaration of 
contagious diseases, and her general maritime sanitary regulations 
(March ll, 1910).6” These included various measures designed to 
prevent the spread of plague by rats. Other legislation bearing a 
relation to plague included a project for the sanitation of 32 cities, and 
the regulations regarding housing elsewhere referred to,‘O the former 
remaining mostly on paper. On January 25, 1929, a supreme decree 
was issued creating the National Antiplague Service, in the Department 
of Public Health.‘l The Director of Health (or his representative) 
was given wide authority; rat-proof construction of new buildings and 
improvement of old ones were required; provisions were made for bac- 
teriological and epidemiological studies; and ship fumigation and other 
measures were specified. 

apeoial port Boards of Health and the Departmental Boa& of Health; the Ia&-named, in turn, exercised 
similar powers ovcr the Local Boards of Health, which wcre immediately respomible for local health 
mattera and sanitation, but which were to report any epidemic or epizootic disease to the higher Board 
(and it to the Supreme Board) for instructions. There mere various quarantine proviaions. The decree 
remained in force until1887, when new regulations wcra adopted, retaining. howaver, the same general 
organization. Peru was thus one of the lirst countriea in thc world to have a national board of hcalth, 
evcn though its functions were mainly advisory, supervisory, and regulative, with the cxecution of meaa- 
ure9 being left to the local body. The Lea, de Municipalidados (Municipal Government Law) of October 
14,1892, definitely placed local sanitation in charge of the city authorities. (Paz Solddn & Lorente: supra; 
and Olacchea, A. S.: “Situacibn de la Sanidad y de la Asistencia en el Per&” Lima, 1933.) Of coume, na- 
tima1 hoards of health in Peru, aa elsewhere in Latin America, were largely a continuation of Co- 
lonial Protomedicatea. 

fis Ibid. 
011 In addition to plague control work, other important activities of Arce’s adminiiration were the 

organisation of the health department, organization of vital statiitios, defense against ycllow fever. an 
intensified campaign agaimt smallpox, studies of sanitation in towm, the appointment of a commission 
to study hygiene of housing and the construction of houses for workers, and the drafting of a Sanitary 
Code. (Olaechea, A. S.: supre, p. 27.) 

8’ Paz Sold&n & Lorente: supra, p. 61. 
80 Olaechea: supra, p. 27. 
80 Paz Sold6n & Lorente: supra, p. 81. 
‘0 Note 28. 
71 Direccibn General de Salubridad: “Decreto supremo creando el ‘Servicio Nacional Antipestoso,’ ” 

Lima, 1929. The antiplague scrvice was retained in the reorganized Department of Health of the Ministry 
of Public Health, Labor and Social Welfare created in 1937. (Min. de Salud Pfib., Trab. y Prev.: Pub. 
Di?. Qen. Salub., Vol. 1, No. 2, Mar. 1937.) 
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Internationd Cooperation and the Pan Ameritan Sanitary Bu- 
reau.-On August 1, 1930, at Piura, an agreement was signed by the 
Ecuadorian and Peruvian health authorities providing for the joint 
combating of plague in their frontier provinces (Loja and Ayabaca) 
along lines suggested by the representatives of the Pan Ameritan Sani- 
tary Bureau.Q In 1930, preparations were made for a cooperat&e 
plague campaign in Peru, under the direction of Dr. John D. Long, 
Traveling Representative, Pan Ameritan Sanitary Bureau, with the 
collaboration of Pan Ameritan Sanitary Bureau Epidemiologist C. R. 
Eskey.73 A similar campaign had aheady been carried on in Ecuador. 
(See Ecuador.) Personnel were trained at Lima and then sent to 
outlying provinces. Assistant epidemiologists were stationed in the 
principal ports to supervise trapping and poisoning of rats, to collect 
fleas, and to inoculate guinea pigs in order to detect plague infection. 
Five branch laboratories were established. Poison was relied upon to 
reduce the rat population, and trapping was used to obtain rodents for 
classification of fleas. Active antiplague measures were begun in 
Lima and Callao in November, 1930, and in other Provinces the follow- 
ing December and January. A notable drop in plague incidence fol- 
lowed. General sanitation of plague foci was also undertaken.T4 

In more recent years Traveling Representatives Henry Hanson, Anthony 
Donovan, and John R. Murdock of ths Pan Ameritan Sanitary Bureau have 
participated in the cooperative plague control work in Per-u; Dr. Donovan ia at 
present making a study of al1 the plague foci in Peru since 1903. 

As in Ecuador, public health physicians from other countries have come to 
inspect and study the work being done in plague control in Peru. They included 
Dr. Enrique Savino of Argentina (1932), Dr. Carlos A. Miño of Ecuador (1932); 
Dr. A. Macchiavello of Chile (1932); and Dr. Isaac Diez of Venezuela (1940). 
And in April 1940 a physician in Palestine wrote to Peru requesting information 
on rat control through the use of poison. 

Among the most recent activities of the antiplague service have been the 
designing of a machine to mix poison; the preparation of an instruction manual 

‘2 Bol. Oj. San. Pan.. Oct. 1930, p. 1242. 
78 Eskey, C. R.: Pub. Heallh Rep., Nov. 18. 1932, p.2201. 
‘4 Fecding éxperiments msde in Peru showed tbat rats almost invariably seleoted paokagea contaiiíng 

rice and corn baita. Ground dried iish, cheese, shrimp, and anise oil were of no value whatever. Coarse 
ground corn flour was preferred to very fine flour. (Eskey, Ibid., p. 2205.) Thii waa in interesting con- 
tra& to rat preferentes fn Ecuador (q.0.). Some dermatitis among arsenic handlers was observed in Li 
(apparently dueto an impure lot of pofaon). During sn umpecii?ed period (possibly Nov. 1930 to sorne 
time in 1931). 70 toas of poison were distributed, in small paper packages, in over 100 towns and their 
surrounding haciendas. Nota single instance of human poisoning waa reported, and only a few domestic 
animals were alleged to have been killed. The numbcr of rata trapped ~88 not large, exoept at Lima, 
where 25,000 rata were caught. (Eskey: Ibid., p. 2201.) 

By 1932,130 tons of poison bad been distributed, the number of rata caught per 100 traps had deoreased 
from 18 to 3 (maximum); the fiea index per rat from a maximum of 34 to a msximum of 3. (3. D. Long, 
“Informe Anual,” Bol. Of. San. Pan., Oct. 1932, p, 1031. Aa elsewhere (see Chile) ene of thereaulte of the 
intensive war on rats waa a decresse in non-plague pathology among thcm. (Long, J. D.: Bol. Of. Son. 
Pan., Jul. 1935, p. 617.) It is interesting to note that in the sanitation of Chiclayo (pop. 25,000), 581 auto 
truck loada of garbage and waste were removed; from Pacasmayo (pop. 6,000), 393 loa&. (Repmt of J. D. 
Long, June 24,1932, Files of Pan Ameritan Sanitary Bureau.) 
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for field workers;‘6 the completion of a large wall map installed in the main Office 
of the Service, with pins indicating the location of field employees;7U the prepara- 
tion and revieion of detailed maps of plague foci;r’ and introduction of the use of 
“llame-throwers” to destroy fleas in rat nests.‘g 

Research.-In addition to the experimental studies of Ramos Dfaz, Colichón 
Azbulú, and Mostajo, with lite, guinea pig flcas, and human fleas;TS Eskey’s work 
with rat poison preferentes; 80 Eskey’s epidemiological surveys*l and those of 
Long and Mostajo*z and of Donovan and Murdock,83 already mentioned; Colichón 
has experimented with the production of latent plagues4 and Ramos Dfaz with 
the infection of rats through their eating livers and spleens from infected guinea 
pigs.86 A new procedure in the handling of specimens of tissue was developed by 
ColicMn.86 

Martyrs.-Though in Peru as elsewhere there have undoubtedly been a number 
of heroic individuals, whether physicians, nurses, or laymen, who have lost their 
lives in caring for persons ill of plague, or in otherwise combating the disease, 
but the only instance of which a report has been obtained is that of a fatal labo- 
ratory infection in Lima in 1940.87 

‘5 By A. Ramos Días. 
70 Donovan. A.: Letters to the Pan Ameritan Sanitary Bureau, 1940. The map is kept up to dateso 

that the location of every representative ineluding those who are ill or on leave, is known; the map is 
said to be very useful, particularly since it affords an indieation of whieh aress have sufficient personnel 
and which are lacking in that respect. 

‘7 Using ama11 outline maps prepared by E. D. Hopkina, Sanitary Engineer, Pan Ameritan Sanitary 
BUrea& 

‘* Originally employed in Brasil, the apparatus is proving very effective in Peru as well. A descrip- 
tion will appear in the Bol. Of. Son. Pan. in the near future. 

70 See Fless and Other Parasites. 
80 See Note 74. 
81 See Note 2. 
82 On the r&le of fleae and jute bags in plague. See Reinfection. 
63 Various reports, inoluding that of an investigation of plague in the Caiiete valley. (See Annual 

Reporte of Pan Ameritan Sanitary Bureau.) 
84 In 1934, a series of healthy rats were inoculated with plague-infected material by scarification, and a 

certain number of the rats, though very sick, recovered. When recovered rats were killed at intervals of 
30, GO, and 90 days after ~ecovery, no visiblo plague lesians mere found, stained microscopic slidee from 
spleen, liver, and lympbatic glands were negative, but an emulsion from them, inoculated into guinea 
pigs, killed them with typioal plague. (“An. Rep. Pan Amer. San. Bur.,” 1936, p. 4. Report of Dr. 
J. D. Long.) 

86 Hedthy rats mere fed on livers and spleens of infeded guinea pigs; some did not die or become ill. 
and in the infected rats which died, it wea observed that the patbology TK&~ unusual: One rat had lesiona 
only in the mesenteric glands, ene had ulcers in the interior of the intestine. Viiulent bacilli wereobtained 
from theee tissues and also from the spleen and liver. Following this more careful search wm made for 
involvement of cervical and mesenterio glands and the intestine. and a trapped rat was found which hada 
few small, whitish, elliptical intestinal plaques. Some Gram-positive and Gram-negative micro-or- 
ganisms were seen, and some Gram-negative, bi-polar staining bacilli; after pmsage through guinea pigs, 
the second guinea pig died of typioal plague. (ILid., p. 9.) 

88 The piece of spleen or gland secured from a human osse at autopsy, or from a guinea pig. is placed 
in parafñne of 40 C melting point, in a tin ointment box; the box is then placed in s bored-out wooden 
block, and wooden covers are tacked on; the package can then be sent by mail with perfect safety and the 
speoimen will keep for ae long as 40 days. Guinea pigs inoculated from speoimens prepared this way 
“have invariably died with typical plague.” (Lotter from J. D. Long, September 8.1933.) 

8’ The laboratory workcr accidentally sucked a virulent plague culture into bis mouth on March 18; 
he washed out his mouth with an antiseptic, but failed to report the accident. The next day be felt unwell, 
mentioned the ocourrence, and wss given a small injection of anti-plague serurn; he became rapidly worae; 
sputum examinatione revealed plague bacilli and the man was taken to the isolation hospital; the Director 
of the Institute wss informed, and the patient treated with intravenous anti-plague serum and large doses 
of sulfapyridine, but ta no avail; he died on the 22nd. Al1 contacts were isolated and given serum, and 
no further cases developed. Possibly one reason why reporte of infection of physicians and nurses are less 
common in Peru than elsewhere is the almost total absence of pneumonic plsgue. (Case reported in 
letter from A. Donovan, Match 1940.) 


