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Abstract

During the 16th century, Mexico suffered a demographic catastrophe with few parallels in world�s history. In 1519, the year of the

arrival of the Spaniards, the population in Mexico was estimated to be between 15 and 30 million inhabitants. Eighty-one years

later, in 1600, only two million remained. Epidemics (smallpox, measles, mumps), together with war, and famine have been consid-

ered to be the main causes of this enormous population loss. However, re-evaluation of historical data suggests that approximately

60–70% of the death toll was caused by a series of epidemics of hemorrhagic fevers of unknown origin. In order to estimate the

impact of the 1576 epidemic of hemorrhagic fevers on the population we analyzed the historical record and data from the 1570

and 1580 censuses of 157 districts. The results identified several remarkable aspects of this epidemic: First, overall, the population

loss for these 157 districts was 51.36%. Second, there was a clear ethnic preference of the disease, the Spanish population was min-

imally affected whereas native population had high mortality rate. Third, the outbreak originated in the valleys of central Mexico

whence it evolved as an expansive wave. Fourth, a positive correlation between altitude and mortality in central Mexico was found.

Fifth, a specific climatic sequence of events was associated with the initiation and dissemination of the hemorrhagic fevers. Although

the last epidemic of hemorrhagic fevers in Mexico ended in 1815, many questions remain to be answered. Perhaps the most relevant

ones are whether there is a possible reemergence of the hemorrhagic fevers and how vulnerable we are to the disease.

� 2004 Federation of European Microbiological Societies. Published by Elsevier B.V. All rights reserved.
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1. Introduction

During the 16th century Mexico suffered a demo-

graphic catastrophe with few parallels in world history.

In 1519, the year of the arrival of the Spaniards, the
Mexican population was estimated to be between 15

and 30 million inhabitants. Eighty-one years later, in
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1600, only two million people lived in the country [1–

5]. Epidemics (smallpox, measles, mumps), together with

war, and famine have been considered to be the main

causes of this enormous population loss [6–8]. However,

approximately 60–70% of the death toll registered dur-
ing this period was caused by a series of epidemics of

hemorrhagic fevers of unknown origin. The disease,

called cocoliztli, appeared for the first time in 1545

and in three years, it killed an estimated 5–15 million

people, or up to 80% of the native population at the
. Published by Elsevier B.V. All rights reserved.
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time. This represents the worst epidemic in recorded

Mexican history [9,10]. Other major cocoliztli epidemics

were those of 1576, 1736 and 1813. Lesser outbreaks

were registered in 1559, 1566, 1587, 1592, 1601, 1604,

1606, 1613, 1624, and 1642. During the seventeenth,

eighteenth and nineteenth centuries, cocoliztli was
known as ‘‘matlazahuatl’’. The last epidemic of hem-

orrhagic fevers in Mexico ended in 1815 [10–12].

The second major cocoliztli epidemic started in 1576.

Fortunately, the effects of this epidemic were docu-

mented by two nationwide censuses, one performed in

1570, six years before the epidemic, and another be-

tween 1579 and 1580, two years after the epidemic

[3,5,11]. This review has three purposes: First, to com-
pile and restate the information about the epidemic of

1576 from first hand testimonies scattered among

numerous historical documents. Second, to analyze the

available quantitative data on this epidemic. Third, to

describe some new proxy information on the climatolog-

ical conditions associated with the cocoliztli epidemic of

1576.
2. The disease

Cocoliztli, from the Nahuatl: pest [13], was a disease

unknown to Indian or Spanish physicians before 1545.

A consensus description based exclusively on first hand

witnesses is the following: The disease had a very short

course, lasting three to five days. It started abruptly with
high fever, vertigo, severe headache, insatiable thirst, red

eyes and weak pulse. Patients became intensely jaun-

diced, very anxious, demented and restless. They did
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Fig. 1. Geographical distribution of mortality in Mexico during the cocolizt

population decline between the census of 1570 and the census of 1580 (5, 11
not tolerate any blanket over their skin. Subsequently,

hard painful nodules appeared behind one or both ears,

sometimes so large that they occupied the entire neck

and half of the face. When these nodules were punc-

tured, they drained purulent material. Intense chest

and abdominal pain and dysentery, ulcers in lips and
genitals accompanied this. Blood then flowed from the

ears, anus, vagina, mouth and nose. The presence of

abdominal distention or darkening of the urine were

symptoms of bad prognosis. Some autopsies were per-

formed and the reports described a very enlarged and

hard liver, lung hemorrhage and splenomegaly. Report-

edly, none of the physicians that did those bare-hand

autopsies acquired the disease. The disease was almost
inevitably fatal among for the Indian population. In

contrast, the Spaniards were minimally affected, and

when they occasionally acquired the disease, it had a be-

nign course. Cocoliztli had some degree of polymor-

phism; fever and jaundice were always present but

other manifestations had a variable frequency and inten-

sity. Survivors were left extremely thin and weak, re-

lapses were common. Domestic animals were
unaffected [14–22].
3. The epidemic of 1576

The cocoliztli epidemic of 1576 evolved as an expan-

sive wave originating in the valleys of central Mexico. It

reached Sonora to the north and towards the south it ex-
tended into the Yucatan Peninsula and Guatemala (Fig.

1). The illness was first reported in the Valley of Mexico

City in April 1576. By July, the outbreak remained
5
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Table 1

Spanish and native population change in 10 towns distributed across Mexico

Spanish population Native population

1570 1580 Change (%) 1570 1580 Change (%)

Colima 60 70 16.66 1800 1000 �44.44

Izucar 50 150 200 6175 3000 �51.41

Mexico City 3000 4000 33.33 9952 7349 �26.15

Oaxaca 300 400 33.33 8000 4500 �43.75

Panuco 26 1000 3746.15 5140 1220 �76.26

San Miguel el Grande 20 60 200 100 50 �50.00

Texcoco 100 300 200 18851 8860 �52.99

Tlalpujahua 40 100 150 2900 1260 �56.55

Toluca 70 250 257.14 5207 2208 �57.59

Valles 60 100 66.66 4238 134 �96.83

The numbers indicate the quantity of families registered in 10 communities in the censuses of 1570 and 1580 (5, 11).
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circumscribed around Mexico City. In August, the epi-

demic started slowly to spread, reaching the town of

Culhuacan, 20 km south east Mexico City and the town

of Tecamachalco, 100 km east from Mexico City. Up to

this point, the disease had caused relatively few cases

and few deaths. During September of 1576, the peak

of the rainy season, cocoliztli literally exploded, extend-
ing from central Mexico to Sonora and Guatemala in

only few weeks. Also in September, the mortality in-

creased dramatically everywhere, even in places where

cocoliztli had just arrived. The highest death rate oc-

curred from September 1576 to March 1577, after which

mortality stabilized. In small towns, 20, 40 or more per-

sons died daily, in larger towns, hundreds perished every

day, urban centers and rural areas were affected equally.
By October 1577, the number of deaths was considera-

bly lower. The end of the outbreak was declared in

December 1578. The following rainy season, in August

1579, cocoliztli returned, this time causing fewer human

losses. The disease lurked in the country with a fragmen-

tary distribution until April 1581 [2,14–22].

The demographic impact of the epidemic was im-

mense. Second-hand contemporaneous estimates based
on the 1570 and 1579–1580 censuses indicated that from

the four million inhabitants that lived in México before

the outbreak, two million died [18,20,22]. We retrieved

all the available data from both censuses, and were able

to obtain information for 196 cities and districts distrib-

uted across the country [3,5,11]. Of those, specific quan-

titative data were available for 157 communities while

only estimates of the percent of population loss were ob-
tained for 39 communities. The results indicated that in

1570, a total of 2,098,426 individuals lived in those 157

communities. Two years after the epidemic, by 1580, the

population in the same places was reduced to 1,020,524.

This represents 1,077,902 deaths, or a population loss of

51.36%. These results indicate that the initial estimates

of the 16th century were correct and that the epidemic

of 1576 did indeed kill half of the population of Mexico.
All witnesses indicated that the highest mortality

occurred among the Indian population and that the
Spanish population was almost unaffected [2,14,22].

Our analyses support this observation. Table 1 illus-

trates the decline of the Indian population in 10 selected

cities, while the Spanish population in the same cities al-

ways increased. These cities are representative of the

demographic changes in most communities of late 16th

century in Mexico [5].
Some 16th century sources indicated that the epi-

demic caused an elevated mortality in the highlands of

Mexico but was less lethal in the lowlands [14,21]. To

evaluate these reports, the latitude, longitude, altitude,

and mean temperature of the 196 communities with

known mortality statistics were obtained [5,11,23]. A

positive relationship between altitude and mortality

was identified for 44 communities located within paral-
lels 19–20 and longitudes 96–103 (Pearson�s correlation
index 0.44, P < 0.05). Although the relationship was

not very strong, it was enough to be noticed by keen

observers. Moreover, since the mean temperature dimin-

ishes as altitude increases, a negative correlation be-

tween mortality and mean temperature was also found

(Pearson�s correlation index �0.30, P < 0.05).

Climate appears to have played a role in the epidem-
ics of hemorrhagic fevers in Mexico. Using tree-ring

chronologies from Mexico, we recently demonstrated

that the cocoliztli epidemics of 1545 and 1576 occurred

in years of abundant rain in the midst of the 16th cen-

tury megadrought [12], the most severe and sustained

drought to impact central Mexico in the past 600 years.

Furthermore, cocoliztli traveled faster and caused

higher mortality during the rainy season [12,24].
4. Discussion

According to the historical record, the epidemic of

1576 was the only episode of high mortality in Mexico

between 1570 and 1580. Therefore, it is possible to attri-

bute the massive population loss of this period primarily
to the cocoliztli epidemic of 1576. Four general aspects

of this epidemic were remarkable: First, the outbreak
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originated in the valleys of central Mexico whence it

evolved as an expansive wave. Second there was a clear

ethnic preference of the disease, the Spanish population

was minimally affected whereas Indians had high mor-

tality rate. Third, a positive correlation between altitude

and mortality in central Mexico was identified. Fourth,
severe and prolonged drought preceded the epidemic,

but the year of the outbreak precipitation was intense.

This may be a classic example of the ‘‘sequence of cli-

mate extremes’’ sometimes associated with catastrophic

epidemics [25].

Similar to other epidemics of hemorrhagic fevers, the

outbreak of 1576 started in the highlands of central

Mexico [10]. In a few weeks the disease cocoliztli
reached communities thousands of kilometers away.

The dissemination pattern of this epidemic in the form

of an expanding wave resembles other epidemic diseases

with human-to-human transmission such as smallpox,

influenza, measles, and cholera, diseases that travel as

a chain of new infections in the advancing wave front.

Altitude, drought and rain played a significant role in

the expansion of the disease [12]. Altogether, these data
suggest the existence of a natural reservoir of the etio-

logical agent in the highlands of central Mexico. It is

possible that the prolonged drought followed by abun-

dant precipitation created favorable conditions for the

proliferation of grass and secondarily, the natural reser-

voir. These circumstances also seemed to have promoted

the infection of humans and the fast advance of the epi-

demic. Interestingly, this sequence of climate extremes
and proliferation of a natural reservoir is similar to

the conditions that attended the 1993 outbreak of

Hantavirus pulmonary syndrome in the Colorado Pla-

teau [26].

The identity of the etiological agent of cocoliztli re-

mains controversial. Yellow fever, plague, leptospirosis,

hepatitis, malaria and dengue have been postulated [6–

8]. Other possible causes may be Hantavirus, Arenavirus
or a form of bartonelosis. Although cocoliztli shares

some similarities with those diseases, they probably only

reflect common physiopathological processes. The dev-

astating nature of the disease suggests that it is poorly

adapted to humans. Cocoliztli may be an example of

how some microorganisms cause mild disease in their

natural hosts but are very destructive in other species.

In the past few years, we have witnessed the emergence
of new pathogens that cause mild or no disease in their

natural hosts but severe disease in humans. The severe

acute respiratory syndrome in humans (SARS) caused

by a coronavirus from the Himalayan palm civet

(Paguma larvata) and the Hendra and Nipah paramixo-

viruses from fruit bats of the genus Pteropus that

cause encephalitis in human are some examples [27–29].

Broadly, the clinical manifestations of cocoliztli
suggest severe liver damage (intense jaundice, hepato-

megaly, dark urine) associated with hepatic encephalop-
athy (anxiety and demented status) and in some cases

with portal hypertension (splenomegaly and abdominal

distention, ascitis?). Bleeding (lung hemorrhage and

bleeding from the ears, anus, vagina, mouth and nose)

can be also explained by severe liver damage, although

it may be also caused by interference of clotting mecha-
nisms of different origin. At the present time, cocoliztli

cannot be definitely linked to any known disease. For

the time being, it has been grouped within the heteroge-

neous family of hemorrhagic fevers [9,10].

Cocoliztli had a higher mortality among the native

population while the Spanish population was almost

not affected. The selectivity of the disease was clearly

marked by the great social divide of that time. At one
end of the social spectrum were the malnourished, under

clothed and overworked native population, and in the

other, the Spaniards, well fed, lived in spacious homes

and had many servants. In the case of the first genera-

tion of Spaniards in Mexico, a hypothetical immunity

to the disease could be explained by previous exposure

to European viruses and bacteria. Presumably those of

Spanish ancestry born in Mexico would not have this
immunity, therefore becoming susceptible to the disease.

Interestingly, this was not the case. For centuries the dis-

ease affected systematically the poorer strata of Mexican

society but was less severe among the affluent sector of

the population. This was observed up to the last epi-

demic in 1813, or 292 years after the conquest, at that

time, Mexico had a large population of mixed ancestry

[10]. Whether this is related to a genetic susceptibility
to the disease or is the result of malnutrition and a

weaker immune system is an open question. The

relationship between mortality and altitude in central

Mexico, suggests a possible ecological niche for a

reservoir, however, this also remains to be identified.

Cocoliztli was an emerging infectious disease of its

time. It appeared unexpectedly, ran without control

for two and a half centuries causing enormous devasta-
tion, and then, disappeared mysteriously. Cocoliztli

seems to have been the result of complex interactions be-

tween land, climate, flora, fauna, human population and

microorganisms from other species. This process is not

exclusive of the past and will probably generate more

emerging infectious diseases in the future. The effects

of the hemorrhagic fevers on the Mexican society were

huge and far-reaching. It took approximately 350 years
to recover the population of 1544. Demographically, the

country changed from being a predominantly Indian

country to a predominantly mestizo country. The native

way of life collapsed and was replaced by the Spanish

culture. In the process, a robust millenary civilization

disappeared forever.

It appears that cocoliztli requires at least two major

factors to become a deadly epidemic: a rainy year in
the midst of a prolonged drought, and a malnourished

population. These conditions have occurred several
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times in Mexico during the last 188 years when war,

famine and drought coexisted. Yet, cocoliztli has not

reappeared. Is there a decisive, but still unknown factor

that remains to be discovered? Is the etiologic agent ex-

tinct? Indeed, many questions remain to be answered;

perhaps the most compelling ones are the possible
reemergence of cocoliztli and the degree of vulnerability

of modern society.
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