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Abstract

Ten years ago, a review on the status of resistance in Mexico was bleak: with antibiotics freely sold over the counter and poor regulation of
generic drugs, among other conditions, resistance among relevant pathogens often ranked top, either among Latin American countries, or even
worldwide. Since then, there have been some regulatory changes, along a decline in antibiotics usage: antibiotics are (supposedly) no longer
sold without prescription, generic drugs (supposedly) have to demonstrate bioequivalence, and antibiotic usage has drop, from about 13 defined
daily doses per 1,000 inhabitants per day, to 7. While these changes may sound encouraging, an analysis show that regulatory changes are
incomplete at best, and usage decline may be the consequence of factors such as growing poverty. The assessment of resistance continues to
be haphazard, without an organized network of laboratories providing a coherent picture. However, judging from a few nationwide reports, it
appears that resistance among some nosocomial pathogens (MRSA, enterococci, Pseudomonas aeruginosa) is declining, as it is among
pneumococci and enteropathogens; but it is rising among community-acquired, uropathogenic Escherichia coli. Resistance to colistin is slowly
increasing; and worrisome resistance determinants, such as blanpm-1 and mcr-1, appeared in Mexico shortly after their first report elsewhere.
After four years from the United Nations General Assembly high-level meeting on antibiotic resistance, Mexico is yet to deploy the basic
measures to assess and control antibiotic resistance. As such, and despite the regulatory changes, the 2010-2020 period looks like a “lost

decade”.
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Introduction

Ten years ago, | wrote a brief review on the status
of antibiotic resistance in Mexico [1], including some
actual data on the prevalence of resistance among
relevant pathogens, but also an overview of the
underlying causes of the problem. Back then, Mexico
had reportedly the highest rates of penicillin-resistance
among pneumococci in Latin America; and the highest
worldwide rates of carbapenem-resistance among
Pseudomonas aeruginosa. Antibiotics were sold freely
at drugstores, and there was a very confuse and lax
regulation for generic drugs. There was almost no data
of public knowledge on the use of antibiotics.
Parenteral polymyxins were not available, making
carbapenems the drugs of “last resort” against
infections caused by multi-resistant organisms. Many
of the issues stated before have changed along these
decade, making it interesting to review again how
things are now, and what impact, if any, such changes
have had in terms of antibiotic resistance prevalence.

Mexico is a middle-income, “developing” country.
Data from Wikipedia, just to provide a very coarse

overview of the socio-economic characteristics of the
country, include: (a) it is the tenth most populated
country in the world, with about 126 million inhabitants
(79% living in cities); (b) it is the fifteenth largest
economy in nominal terms (eleventh in purchasing
power parity); (c) it is said to has the second highest
degree of economic disparity in the Americas, between
the extremely poor and the extremely rich, only after
Chile; but has a Gini index of 43.4, below that of
Bolivia, Brazil, Chile, Colombia, Costa Rica,
Guatemala, Haiti, Honduras, Nicaragua, Panama,
Paraguay and Venezuela, in alphabetical order
(although other sources state a Gini index of 50.3; [2]);
(d) “while less than 2% of Mexico's population lives
below the international poverty line set by the World
Bank, as of 2013, Mexico's government estimates that
33% of Mexico's population lives in moderate poverty
and 9% lives in extreme poverty, which leads to 42% of
Mexico's total population living below the national
poverty line”; and (e) has 21 physicians per 10,000
inhabitants, below Cuba (67.2), Argentina (38.6), and
Uruguay (37.4), among Latin American countries.
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Some further data on specific healthcare issues: (a)
about 18% of the total population lacks access to health
services [3]; (b) about 48% of the total expenditure on
health is private; (c) a staggering 41% of the total
expenditure in health is out-of-pocket payment (with
2% of households experiencing catastrophic health
expenditures); and (d) the total health expenditure is
5.8% of the GDP [2].

Antibiotic usage

At about the same time that the JIDC paper came
out, an analysis on the use of antibiotics in Latin
American countries, including Mexico, was published;
it included data up to 2007 [4]. Mexico was, between
1997 and 2004, the leading country in antibiotic clinical
use, at about 14-16 defined daily doses per 1000
inhabitants per day (DDD/TID); by 2007, Mexico was
down to the fourth place, with 13.26 DDD/TID, below
Argentina, Venezuela and Peru.

Further papers documented the trend towards
reduction of antibiotic usage: in 2010 (three years after
the last data available in ref. 4), antibiotic usage
"expressed in standard units (i.e., pill, capsule, or
ampoule) per person", was in the 8-13 range, with a -
6.25 to - 4.00 compound annual growth rate [5]; by
2015, antibiotic consumption, in DDD/TID, was around
7, well below most other Latin American countries
reported [6].

The continuous reduction in antibiotic usage,
noticed since the Wirtz et al. paper [4], could be taken
as a promising trend towards rational prescription
practices. But it can also be the mere effect of an also
continuous decay of income: in the same paper, the
dramatic drop in antibiotic usage in Argentina, from
14.37 DDD/TID in 1997, to around 8 in 2002, coincided
with the deep financial crisis that country suffered
during the same period of time. As the Argentinian
economy recovered, also did antibiotic usage, reaching
16.64 DDD/TID in 2007, and further increased in 2015
[6]. In that sense, "the Mexican economy has
experienced a long-term decrease of its growth rate
during the last three decades" [2]. Reduction on
antibiotic usage because of poverty might not be as
positive a trend as reduction due to improved
prescription practices.

Self-prescription

Shortly after the publication of the 2010
assessment, the purchase of antibiotics at drugstores
without a written medical prescription was banned. The
head of the Commission for Health Risks Prevention
(Cofepris, that includes functions equivalent to those of
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the Food and Drug Administration [FDA] in the USA,
or the European Medicines Agency [EMeA] in EU)
wrote about the measure in a Mexican newspaper:
“According to studies by the WHO and the Mexican
Institute of Public Health, people that take antibiotics
become immune and resistant towards bacteria they did
not have” [7] (this is not a translation error). During the
weeks after the measure was announced, some
professional associations published their support to it in
newspapers, stating that it was also necessary to start an
educational program both, for physicians and for the
public, to optimize the use of antibiotics. Such a
program was never even considered [8]. Today, while
it is supposedly necessary to produce a medical
prescription to buy an antibiotic at a drug store,
anybody can print one with fake data of a physician, and
get the drug; or, when ordering by phone for home-
delivery, only the registry number of the physician is
required, and any number of the adequate digit length
would do. A side-effect of this defective regulatory
framework is that it would be now impossible to assess
the current prevalence of self-prescription of
antibiotics: by law, it is now 0%.

Little is known about the impact of the sales
restriction of antibiotics. The number of DDD/TID
between the second and the fourth quarter of year 2010
was about the same, keeping with the decreasing trend
previously discussed; and the average of the seven
quarters before and after the prohibition of OTC sales
of antibiotics mostly affected penicillins (from 3.5
DDD/TID, to 2.3), tetracyclines (from 0.74 to 0.57) and
sulfonamides (from 1.06 to 0.69); but not affecting
macrolides (from 0.97 to 0.87), quinolones (from 1.16
to 1.06) or other kinds of antibiotics (from 1.44 to 1.45)
[9]. This tend to confirm a trend anecdotically reported
by marketing employees of local pharmaceutical
companies: that while total sales of antibiotics were
slightly diminished by the restriction, it rather caused a
change towards newer, wider-spectrum antibiotics,
which physicians like the most, instead of the older,
cheaper options preferred by people self-prescribing
antibiotics. Should this be the case, the new regulation
would have a negative impact upon resistance
prevalences. This seems to be confirmed by the data on
resistance: while resistance among some nosocomial
pathogens is diminishing —and antibiotic usage in
hospitals has always been, by definition, medically
prescribed; resistance among community-acquired
pathogens, such as uropathogenic E. coli, appears to be
rising dramatically, especially towards
fluoroquinolones and cephalosporins (see below). The
expected impact of banning OTC sales of antibiotics
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should have been precisely upon community-acquired
organisms.

Generic antibiotics

The regulation of generic drugs in Mexico evolved
erratically during the last 35 years: drug patents were
not respected until the signature of the North America
Free Trade Agreement (1994); then, several guidelines
on bioequivalence and generics were issued, but
without actual enforcement. By the time the 2010
review was written, there still were several “varieties”
of drugs, aside from the “innovators” (i.e., the ones that
hold or held the patent): “copies” and “similars” were
the most used names. The entanglement of political
interests in this issue was briefly discussed in that paper.
It was only until 2013 that all oral generic drugs in
Mexico had to demonstrate bioequivalence to be
approved for sale. For that purpose, private companies
(called “authorized third parties”) hired by generic
manufacturers  should  conduct the  typical
bioequivalence trials (about a dozen "professional"
volunteers, a single-dose pharmacokinetic profile, an
80-125% tolerance for Cmax and AUC). Aside from the
host of anecdotal, unproven stories about the conflict of
interest and corruption that are rife within this industry,
there is little evidence on the quality of generic drugs in
Mexico. Nevertheless, it is important to recall that there
are many published papers documenting the different,
mostly diminished activity of generic antibiotics,
despite having proven bioequivalence; Colombian
pharmacologist O. Vesga is a main author in the subject.
Vesga’s group has at least two papers on the impact of
generics upon  bacterial resistance: one on
ciprofloxacin, showing that resistant P. aeruginosa
emerged about the same when under innovator or
generic exposure [10]; and another showing a 20-fold
increase in the rate of resistant vs. susceptible
Escherichia coli, comparing generic and innovator
piperacillin-tazobactam [11]. Another paper showed a
200% increase in ciprofloxacin resistance after the
introduction of generics, which the authors attributed to
increased usage due to diminished price [12].

The approval of generic drugs in Mexico was
boosted,  especially  during the 2012-2018
administration, when the Cofepris granted fast-track
approval to generic drugs that were already accepted by
the FDA. Then, it is perhaps worth to recall the episode
of Ranbaxy, the generic manufacturer that, on May 13,
2013, “pleaded guilty to seven federal criminal counts
of selling adulterated drugs with intent to defraud,
failing to report that its drugs didn't meet specifications,
and making intentionally alse statements to the [US]
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government”. This large drug fraud was mainly caused
because the FDA relies on data provided by the
companies themselves. “We depend on that information
to the truthful”, Gary Buehler, who headed the FDA's
office of generic drugs for 10 years, said in December
2009. The approval system “requires the ethical
behavior of the applicant”, he said. Otherwise, “the
whole house of cards will fall down”. [13]. Hence,
generics in Mexico are quickly approved if they were
previously accepted by the FDA, which in turn, relies
on data provided by the generic's manufacturer. Not
surprisingly, there are many anecdotic reports of
clinical failure of generic drugs in Mexico;
unfortunately, there is no hard evidence of this.

Agricultural use of antibiotics

If data on clinical use of antibiotics is scarce, much
less is known about the agricultural use in the country.
While a 2007 Federal Law of Animal Health restricts
the use of antibiotics in animal feed (with significant
exceptions) and requires a prescription for antibiotic
use in food animals [14], a report projects that, by 2030,
Mexico will be amongst the five countries with largest
shares of global antimicrobial consumption for food
animals, with 2% of 105,596 tons, after China, US,
Brazil and India [15].

While adding antibiotics as “growth promoters” to
food animals is the main cause of concern regarding
agricultural usage, there are other, perhaps just as
dangerous  forms of abuse.  Streptomycin,
oxytetracycline and gentamicin are used in Mexico to
control bacterial infections of apples, pears and
peaches. While this only amounts to 0.12% of the
antibiotics used agriculturally worldwide, these drugs
are sprayed directly to the environment, where they can
affect soil and water bacteria, known to carry ancient
resistance genes [16].

Corruption

Corruption in Mexico has been a permanent
scourge; but in 2015, Collignon et al. [17] reported on
the contribution of corruption upon the growth of
antibiotic resistance. According to that paper,
corruption correlates more closely to antibiotic
resistance, than antibiotic usage, among European
countries. By 2017, according to the Corruption
Perceptions Index, Mexico ranked 135 out of 180
countries
(en.wikipedia.org/wiki/Corruption_in_Mexico), a
position that has been in decline especially since 2015
(en.wikipedia.org/wiki/Corruption_Perceptions Index)
. It is therefore not a surprise that resistance of some
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pathogens (e.g., pneumococci, P. aeruginosa) is
amongst the highest in the region (in Latin America,
only Guatemala, Nicaragua and Venezuela rank below
Mexico in corruption control), or even in the entire
world. It is still too early to assess if a dramatic
government change that occurred in Mexico in 2018
would have an actual impact on the levels of corruption,
not to say on the levels of antibiotic resistance.

Resistance

Despite the 10-year distance, Mexico still lacks a
national network for measuring antibiotic resistance.
Therefore, available data is a patchwork of local reports
without uniform methodology, rather than a coherent
national picture. In order to try a comparison between
the situation reported ten years ago and the current one,
an updated table was assembled (Table 1), using data
from that review, and from a recent, unique multi-center
survey. This table must be read with some cautionary
notes: (a) as stated before, data came from very

Table 1. Antibiotic resistance in Mexico at a glance: 2010 to 2020.
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different settings and methodologies; (b) there are stark
differences between regions (and between hospitals
within the same region), hence an “average” is not
necessarily a good indicator; and (c) hospitals from
large, richer cities are over-represented, with very few
data from smaller cities and rural areas. Nevertheless, it
seems that resistance among nosocomial isolates
diminished during the 2010-2020 period, with the
exception of extended-spectrum beta-lactamase
(ESBL) -producing Klebsiella spp. and
piperacillin/tazobactam resistance among
Acinetobacter spp.; resistance in pneumococci and
enteropathogens also seem to be diminishing, while
resistance among uropathogenic FE. coli increased
substantially, especially towards fluoroquinolones and
third-generation cephalosporins. Again, these results
must be read with caution. For instance, data from 2010
came from nearly 1,000 isolates from community-
acquired urinary infections, mostly in young women at
Mexico City [18]; but even amongst a few (119) earlier

Organism Antibiotic Resistance 2010 (%)* Resistance 2020 (%)"
community-acquired
S. pneumoniae penicillin 70¢ 36.8%4
clarithromycin 49 37.24
Salmonella spp. ampicillin 66 12-28
co-trimoxazole 66 13-17
chloramphenicol 20
ceftriaxone 12
Shigella spp. ampicillin 81 25
co-trimoxazole 81 38
chloramphenicol 11
E. coli (uropathogenic) ampicillin 74 82
co-trimoxazole 60 62
ciprofloxacin 33 62
ceftazidime 8 55¢
M. tuberculosis MDR 17 20.6"
nosocomial
Klebsiella spp. ESBL 28 55.5¢
imipenem 6-10
S. aureus methicillin 48 25h
E. faecium vancomycin 33 21
P. aeruginosa amikacin 20 17
ceftazidime 39
imipenem 43 30
levofloxacin 40 22
piperacillin/ tazobactam 28 15
Acinetobacter spp. amikacin 40
ceftazidime 72
levofloxacin 51
piperacillin/ tazobactam 51 74
imipenem 53-86

a. data from ref. 1; b. data from ref. 27, except where stated otherwise; c. non-susceptible: resistant + intermediate; d. data from ref. 45: 78 isolates from 2008-
2015; e. 2020 values are for cefoxitin, as ceftazidime was not tested; f. data from ref. 46; g. considered as ESBL-producers because of aztreonam resistance; h.

considered as MRSA because of cefoxitin resistance.
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isolates, also from Mexico City outpatients,
ciprofloxacin resistance was reported as high as 55.5%
[19]; by 2016, amongst 48 E. coli isolates from
recurrent cystitis and prostatitis, 80% were
ciprofloxacin-resistant [20]; and amongst 582
uropathogenic E. coli isolates (2007-2017) from a
private clinic at a central-Mexico state, 74.1% were
non-susceptible to ampicillin, 57.7% to ciprofloxacin,
56.2 to ceftriaxone, 56.4% to co-trimoxazole, and
10.7% to nitrofurantoin [21]. On the other hand, while
most surveys point towards high prevalence of
ciprofloxacin, ceftazidime and imipenem resistance
among nosocomial P. aeruginosa, a few (92) recent
isolates from public hospitals at a northern Mexican
state found it only to be 2-9% (although this report also
found only 10-20% resistance towards
aminopenicillins, a group of antibiotics P. aeruginosa
is intrinsically resistant to) [22].

As can be seen, and because of the lack of standard
operating procedures, data on resistance in Mexico is
unreliable; even the same groups can report very
different figures within the same time framework. For
instance, two papers sharing main authors, one from
2012 and the other from 2015, report, respectively:
susceptibility of Acinetobacter spp. towards amikacin,
22.1% and 49.4%; levofloxacin, 18.7% and 41.3%;
meropenem, 52.3% and 66.2%;
piperacillin/tazobactam, 16.3% and 43.3%; and
susceptibility of P. aeruginosa towards levofloxacin,
74.2% and 58.7%; meropenem, 76.4% and 56%;
piperacillin/tazobactam, 68.8% and 57.8%. In contrast,
susceptibility rates variation among Klebsiella spp., and
E. coli between both studies was within 10% [23, 24].
It is therefore too difficult to draw conclusions from
published data, even coming from prestigious authors
and journals.

Just about the time the previous review was
published, colistin returned to the Mexican market,
after nearly 40 years of absence. Shortly before the re-
introduction, colistin was sold in the black market
outside large public hospitals, as a last resort antibiotic
useful for fighting infections caused by some
carbapenem-resistant gram-negatives. Data on colistin
resistance is slowly emerging: by 2010, 0.2% of E. coli,
0.4% of Klebsiella spp., and 1.5% Acinetobacter spp.;
no colistin-resistant P. aeruginosa was detected [24]. In
a Latin American study of multi-resistant gram-
negatives isolated between 2015 and 2017, colistin
resistance was detected in 1.5% of the 603 Mexican
ESBL-producing enterics, 18.8% of the 32
carbapenemase-producing enterics, 1.9% of the 524 P.
aeruginosa, and 3.6% of the 169 multi-resistant P.
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aeruginosa [25]. In specific clinical settings, colistin
resistance could be much higher: 13 out of 49 (26.5%)
of the P. aeruginosa isolated from Mexican children
with cystic fibrosis were resistant to colistin [26].

Among the gram-positives, vancomycin-resistance
was not detected in S. aureus; but linezolid resistance
was found in 0.7 of S. aureus (although 1.8% were
resistant to teicoplanin), 2.4% of Enterococcus faecalis
and 7.3% of E. faecium [27].

New resistance crises

During these 10 years, a number of particularly
concerning  resistance traits were discovered
worldwide. Shortly before the 2010 review, the New
Delhi Metallo-beta-lactamase (NDM) was first reported
[28]; metallo-beta-lactamases were by no means new,
but their presence in enteric bacteria, and their
dissemination through medical tourism added to a new
level of threat. NDM-1 was rapidly reported worldwide,
followed by several variants (up to NDM-28). The first
report of a Mexican clinical isolate (Providencia
rettgeri) harboring the blaxpm.1 gene was published in
2013 [29]; two years later, an outbreak caused by
several FEnterobacteriaceae producing NDM-1 was
reported from a hospital in Mexico City [30].

Another especially grave developing was the
detection of a plasmid-borne colistin resistance
determinant, mcr-1, first reported in 2016 in China [31].
Since then, a number of variants (mcr-2 thru mcr-10)
have been reported worldwide. The possibility of
horizontal transfer of colistin resistance, and of linkage
of the colistin-resistance determinant to genes
mediating resistance to other antibiotics, is especially
worrisome. The first report of an isolate carrying mcr-1
in Mexico was published in 2018: an E. coli strain from
a swine farm [32]. A year later, an E. coli isolate from
a fecal sample of a hospitalized child was also found to
carry the mcr-1 gene [33].

Practically nothing is known about two other
resistance crises: multi-resistant Neisseria
gonorrhoeae, and Clostridioides difficile. These
organisms are seldom cultured in Mexico.

Resistance in non-clinical isolates

If data on resistance rates among clinically relevant
bacteria is scarce and unreliable, much less is known
about bacteria in animals and the environment. A recent
report on global resistance rates in animals and food
products identified a potential hotspot in “the areas
surrounding Mexico City”. The study analyzed data on
E. coli, Campylobacter spp., non-typhoidal Salmonella
spp. and Staphylococcus aureus [34]. In a study of the
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fecal microbiota of forest wildlife (howler and spider
monkeys, tapirs and felids) showed that the wvast
majority of samples (76-100%) contained at least one
resistant organism, and the average number of
resistance phenotypes per isolate was 1.7-2.1; samples
collected at a distance <2.5 km from a human settlement
had significantly higher number of resistant isolates per
sample, and number of resistance phenotypes per
sample, than those collected farther away. A few
organisms from this study were resistant to
ciprofloxacin, and/or produced ESBLs, and/or carried
class-1 integrons [35]. Finally, during a recent
surveillance of resistance in wastewater from Mexico
City, several E. coli isolates were found to be resistant
to carbapenems, and a metallo-beta-lactamase, NDM-
5, not reported before in clinical isolates, was found to
be the cause (K. Liineberg et al., submitted). The very
same wastewater system was previously reported to
contain azithromycin, ciprofloxacin, enrofloxacin,
lincomycin, ofloxacin, sulfamethoxazole,
trimethoprim, tetracyclines, and the disinfectant
triclosan, many of them in the single-digit pg/L range
[36].

Resistance without borders

Travel from rich to poor countries, seeking cheaper
or elective medical treatment, is a common and growing
trend; this is one variety of medical tourism, a practice
done by around 20 million patients worldwide each
year. This has been linked to the spread of dangerous
resistance traits, such as the NDM-1 [37]. Mexican
cities, especially those close to the US border, have a
flourishing medical tourism industry, that received
around 1.5 million patients and 3.5 billion dollars in
2017 [38]. The acquisition of commensal resistant
bacteria in the microbiota, a risk carried by all kinds of
international tourism, is compounded by the potential
acquisition of multi-resistant pathogens gathered during
a stay at a healthcare facility. While not dealing with
deliberate medical tourism, a recent report on the
mobilization of resistant organisms from Mexico to the
US in trauma patients illustrates the point. Trauma
patients that were initially hospitalized in Mexico and
then transferred to hospitals in San Diego, CA, were
more frequently infected, especially by gram-negative
pathogens; and more frequently displayed dangerous
resistance phenotypes: ESBL production among enteric
bacteria, methicillin-resistance in S. aureus (MRSA),
and multi-resistance among P. aeruginosa and
Acinetobacter baumannii. The gram-negatives were
significantly less susceptible to ceftriaxone, cefepime,
piperacillin-tazobactam and gentamicin, if they were
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isolated from patients initially treated in Mexico [39].
In this way, what happens in Mexico, does not
necessarily stays in Mexico. This is yet another
reminder that antibiotic resistance is not limited by
political borders.

Ethics

The ethics of antibiotic usage, and of the measures
intended to curtail resistance, have been discussed
elsewhere [40]. A particular ethical conundrum, the
expenditure of multi-billions of dollars (and the
imprisonment of millions of persons, and the killing of
just as many) in the worldwide “war on drugs”, that
criminalizes recreational drugs, whose victims are the
users themselves; while neglecting the abuse of
antibiotics [41], that is fuelling resistance that currently
kills 700,000 people yearly —mostly not those abusing
antibiotics, is of particular concern for Mexico. On
20006, the country was dragged into an all-out war on
drugs which, by 2016, consumed US$2.7 billion, just in
US “aid” towards this goal. This, in addition to more
that 200,000 homicides, 37,000 disappearances, and
345,000 people displaced because of conflict and
violence [42], not because of drugs, but because of the
“war on drugs”. Is it ethical to keep “wasting resources
trying to fight an unwinnable and morally dubious war
against recreational drugs” instead of directing such
resources towards the actual public health threat posed
by antibiotic resistance?

Concluding remarks

Mexico's representation at the United Nations was
tasked with writing the outcome document of the
General Assembly high-level meeting on antimicrobial
resistance, of Sept. 21, 2016. Yet it took nearly two
years for the Mexican government to publish a National
Action Strategy against Antimicrobial Resistance [43],
a list of good wishes and things that “need to be done”,
but without specific goals and timetables. Most
importantly, the document clearly states that no
additional funds would be devoted to any of the
proposed actions. Two further years later, none of the
functions of the UN Coordinating Mechanism
(advocacy, monitoring and evaluation, resource
mobilization and multisectoral action coordination;
[44]) have been set into motion in Mexico. With the
COVID-19 crisis stressing the budget and healthcare
capabilities of the country, it is unlikely that measures
against antibiotic resistance get the attention and
funding needed. As Mexico gets even poorer, the use of
antibiotics may shrink even more, which would be an
apparently right outcome, but of the wrong causes. Less
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antibiotic usage due to poverty instead of prudence,
would not help to control resistance.
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