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Megadrought and Megadeath in
16th Century Mexico.* History of the Medicine

Rodolfo Acuna-Soth David W. Stahlg Malcolm K. CleavelaridMatthew D. Therrell

Universidad Nacional Autonoma de Mexico, Mexico City, Mexiclmiversity of Arkansas, Fayetteville,
Arkansas, USA.

SUMMARY. de México, afiadiéndose al creciente cuerpo de

The native population collapse in 16th centurgvidencias epidemioldgicas e indicando que las
Mexico was a demographic catastrophe with one gpidemias deocoliztli(palabra nahuatl que significa
the highest death rates in history. Recently developggmbste”) de 1545-1576, fueron fiebres hemorragicas
tree-ring evidence has allowed the levels amdigenas transmitidas por roedores y agravadas por
precipitation to be reconstructed for north centréds extremas condiciones de sequia.
Mexico, adding to the growing body of epidemiologi¢Rev Biomed 2002; 13:289-292)
evidence and indicating that the 1545 and 1576
epidemics otocoliztli (Nahuatl for "pest") were Palabras claveFiebres hemorragicas, enfermedades
indigenous hemorrhagic fevers transmitted by rodeinfecciosas en amerindio, historia de la medicina.
hosts and aggravated by extreme drought conditions.
(Rev Biomed 2002; 13:289-292)

The native people of Mexico experienced an

Key words: Hemorrhagic fever, infectious diseas@pidemic disease in the wake of European conquest

among amerindians, history of the Medicine. (Figure 1), beginning with the smallpox epidemic of
1519 to 1520 when 5 million to 8 million people
RESUMEN. perished. The catastrophic epidemics that began in
Megasequia y mega-muerte en México en el1545 and 1576 subsequently killed an additional 7
siglo XVI. million to 17 million people in the highlands of Mexico

El colapso de la poblacion nativa de México, efi-3). Recent epidemiologic research suggests that the
el siglo XVI, fue una catastrofe demografica con urevents in 1545 and 1576, associated with a high death
de los mas altos indices de mortalidad en la histoniate and referred to ascoliztli(Nahuatl for "pest™),
Evidencias recientes han permitido reconstruir l@say have been due to indigenous hemorrhagic fevers
niveles de precipitacion pluvial para el norte y centid,5). Tree-ring evidence, allowing reconstructions of
the levels precipitation, indicate that the worst drought
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to afflict North America in the past 500 years also  The epidemic ofocoliztlifrom1545 to 1548
occurred in the mid-16th century, when severe droudtited an estimated 5 million to 15 million people, or
extended at times from Mexico to the boreal foresp to 80% of the native population of Mexico (Figure
and from the Pacific to Atlantic coasts (6). Thesg). In absolute and relative terms the 1545 epidemic
droughts appear to have interacted with ecologic angs one of the worst demographic catastrophes in
sociologic conditions, magnifying the human impadtuman history, approaching even the Black Death of

of infectious disease in 16th-century Mexico. bubonic plague, which killed approximately 25 million
in western Europe from 1347 to 1351 or about 50%
Population Callapse in Mexico of the regional population.

The cocoliztli epidemic from 1576 to 1578
cocoliztliepidemic killed an additional 2 to 2.5 million
people, or about 50% of the remaining native
a A5 Cesetailhi-13-18 mallen deaite]  POpUlation. Newly introduced European and African

diseases such as smallpox, measles, and typhus have
1378 Copskath =T mmdlan oy yia long been the suspected cause of the population
collapse in both 1545 and 1576 because both
epidemics preferentially killed native people. But
careful reanalysis of the 1545 and 1576 epidemics
S e W TTRG PR now indicates that they were probably hemorrhagic
Yuar fevers, likely caused by an indigenous virus and carried
by arodent host. These infections appear to have been

ravat the extreme climatic conditions of th
based on estimates of Cook and Simpson (1). The 1545 ar%g avated by the extreme climatic conditions of the

1576cocoliztliepidemics appear to have been hemorrhag gme and by the pO_OI’ living conditions and ha_‘rSh
fevers caused by an indigenous viral agent and aggravaté@atment of the native people under the encomienda
by unusual climatic conditions. The Mexican population digystem of New Spain. The Mexican natives in the

not recover to pre-Hispanic levels until the 20th century. encomienda system were treated as virtual slaves,
were poorly fed and clothed, and were greatly
overworked as farm and mine laborers. This harsh
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Figure 1.- The 16th-century population collapse in Mexico

g' ek Comury Bagueinspie treatment appears to have left them particularly
% X ; vulnerable to epidemic disease.
: Eu ; I" ' ) Cocoliztliwas a swift and highly lethal disease.
O it Francisco Hernandez, the Proto-Medico of New
- 1348 '18TH Epidmmicn of Gorolipl

Spain, former personal physician of King Phillip Il and
one of the most qualified physicians of the day,
witnessed the symptoms of the 153@&coliztli
Figur_e 2.- Winter-spring prec_ipitation re_constructed frominfections. Hernandez described the gruesome
tree ring data, Durango, Mexico (normalized and smooth%

to highlight decennial variability). The tree-ring estimatesqmohzmSymptomS with clinical accuracy (4,5). The

explain 56% of the variance in precipitation for Durango an%ym_ptoms included high feV_en severe headache,
are consistent with independent precipitation data. Thiertigo, black tongue, dark urine, dysentery, severe
reconstruction is well correlated with the all-Mexico rainfalabdominal and thoracic pain, large nodules behind the
index (r = 0.76; p < 0.001) and with precipitation over nortars that often invaded the neck and face, acute
central Mexico, where thecoliztliepidemics appear to haveneurologic disorders, and profuse bleeding from the
been most severe. Note the unprecedented 16th-centur6/ d hwith death f | i
magadrought during bottocoliztli epidemics. nose, eyes, and mouth with deatn frequently occurring
in 3 to 4 days. These symptoms are not consistent
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with known European or African diseases presentimfested with infected rodents.
Mexico during the 16th century.
The geography of the 16th centwgycoliztli
epidemics supports the notion that they may have b¢ . s |

AL s E o TR (EEE Carakel b
indigenous fevers carried by rodents or other hos & 2 a5 | Estesic, Mazico + +
native to the highlands of Mexico. In 1545 the epidem & = A
affected the northern and central high valleys of Mexic ¥ E el i
and ended in Chiapas and Guatemala (4). In both’ ;' y J - '
1545 and 1576 epidemics, the infections were large® = 54 : . :
absent from the warm, low-lying coastal plains on tt s e A 1 e
Gulf of Me>$|co and Pa_uflc coa_lsts (4)_. This gec_)grapr F o L P S —
of disease is not consistent with the introduction of ¢ £. 5 1884 #sirke=mie fenion |
Old World virus to Mexico, which should have effecter & * —
both coastal and highland populations. T &

Tree-ring evidence, reconstructed rainfall ove = 5 * i -
Durango, Mexico during the 16th century (6), adc™ = 4 +- ' . -
support to the hypothesis that unusual climat W R wEne o werw i
conditions may have interacted with host-populatic _ E B | 7199 Hanlawirus §
dynamics and theocoliztlivirus to aggravate the & 5 | FFeeme #RUEA T
epidemics of 1545 and 1576. The tree-ring da § & [, # k
indicate that both epidemics occurred duringthe 1€ 5 &+ * | r —
century megadrought, the most severe and sustail™ & -
drought to impact north central Mexico in the pas ~  4sae w8 1998 whss  dew
600 years (Figure 2; [7]). The scenario for the climati TEAR

ecologic, and sociologic mediation of the 16th-century

cocoliztli epidemics is reminiscent of the rodent

population dynamics involved in the outbreak dofigure 3.- The winter-spring precipitation totals estimated
hantavirus pulmonary syndrome caused by Sfefeachyearin Durango, 1540-1548 (top), 1571-1579 (middle),
Nombre Virus on the Colorado Plateau in 1993 (8,9]-?3mpared with the Palmer drought index, southwestern USA

C liztl | d h b 88-1995 (bottom). A tenfold increase in deer mice was
ocoliztliwas not puimonary and may not have €&lltnessed in the southwestern USA during the 1993

a hantavirus but may have been spread by a rodgibreak, a year of abundant precipitation following a
host. If true, then the prolonged drought before tipeolonged drought. The similar dry-wet pattern reconstructed
16th-century epidemics would have reduced tHer the 1545 epidemic afocoliztlimay have impacted the
available water and food resources. The animal hoggpulation dynamics of the suspected rodent host to
would then tend to concentrate around the remnafggravate the epidemic.

of the resource base, where heightened aggressiveness . . L .
would favor a spread of the viral agent among this Ten lesser epidemics chcoliztlibegan in the
residual rodent population. Following improveé’ears 1559, 1566, 1587, 1592, 1601, 1604, 1606,

climatic conditions, the rodents may have invaded bo]fﬁ 13,1624, and 1642 (10). Nine of them began in

farm fields and homes, where people were infectég > !N which the tree-ring reconstructions of

through aspiration of excreta, thereby initiating th@recipitation indicate winter-spring (November-

cocoliztliepidemic. The native people of Mexico maglamh) and early summer (May-June) drought (8).

have been preferentially infected because they wor Z;hig’lgﬁ etplollle I‘EIC abe dOI'?t“ evEr_V\:cltnefse_d ’ q
the agricultural fields and facilities that were presumab i » actually began during a briet wet episode
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within the era of prolonged drought (Figure 3). Thi8. Gerhard P. A guide to the historical geography of New

pattern of drought followed by wetness associated wigRain. Norman (OK): University of Oklahoma Press; 1993.

the 1_5_45 epldem_lc IS very similar to th_e dry_then_w%t. Hugh T. Conquest, Montezuma, Cortez, and the Fall of Old

condltlo_ns associated with the hantawrus outbreakyixico. New York: Simon and Schuster: 1993.

1993 (Figure 3; [9]), when abundant rains after a long

drought resulted in a tenfold increase in local deérAcuna-Soto R, Caderon Romero L, Maguire JH. Large

mouse populations. Wet conditions during the year%qidemics of hemorrhagic fevers in Mexico 1545-1815. Am J
. . . Trop Med Hyg 2000;62:733-9.

epidemic outbreak in both 1545 and 1993 may have

led to improved ecologic conditions and may also haye marr Js, Kiracofe JB. Was the Hugocoliztli a

resulted in a proliferation of rodents across th@emorrhagic fever? Med Hist, 2000;44:341-62.

landscape and aggravateddcbeoliztliepidemic of

1545-1548. 6. Stahle DW, Cleaveland MK, Therrell MD, Villanueva-Diaz

. . . ree-ring reconstruction of winter and summer precipitation
The disease described by Dr. Hernandez in 15{%1 urango, Mexico, for the past 600 years. 10th Symposium

is difficult to link to any specific etiologic agent orgopal Change Studies. Boston: American Meteorological
disease known today. Some aspectsaaliztli  Society, 1999; p. 317-8.

epidemiology suggest that a native agent hosted in a

rain-sensitive rodent reservoir was responsible for te>t@hle DW, Cook ER, Cleaveland MK, Therrell MD, Meko
disease. Many of the symptoms described by (O, O7e<r Heyer HDetal e ing i document o
Hernandez occur to a degree in infections by rodesgt-

borne South American arenaviruses, but no arenavirus

has been positively identified in Mexico. Hantavirus i8 Schmaljohn C, Hjelle B. Hantaviruses: a global disease
a less likely candidate foocoliztlibecause epidemicsProblem. Emerg Infect Dis 1997;3:95-104.

of severe hantavirus hemo_rrhaglc fevers with hlg& Hjelle B. Glass GE. Outbreak of hantavirus infection in the
death rates are unknown in the New World. Th&yr comers region of the United States in the wake of the
hypothesized viral agent responsible for cocoloztliog7-1998 El Nino-Southern Oscillation. J Infect Dis
remains to be identified, but several new arenavirus#¥0;181:1569-73.

and hantaviruses have recently been isolated from the
Americas and perhaps more remain to be discove%ée)q
(11). If not extinct, the microorganism that caused
cocoliztimay remain hidden in the highlands of Mexic@1. Peters CJ. Hemorrhagic fevers: How they wax and wane.

and under favorable climatic conditions could reappeby. Scheld WM, Armstong D, Hughes JM, editors. Emerging
infections. Washington (DC): American Society for
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