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Introduction: Acroallergen exposure has an intra- and extra-domiciliary component and varies according to climatological zones.
Mexico is a large country with a great variety of climates. A previous study (2009) evaluated skin prick test results (SPT) in different
regions. In this study, we compare previous sensitization patterns from 14y ago with current ones and compare them between different
climatological zones.

Methods: Mexican allergists were asked to share their last 100 SPT results in patients with respiratory allergy. Clinics were grouped
in (semi)humid vs (semi)dry zones. Results were analyzed nationwide and compared to the 2009 results, calculating odds ratio (OR)
and 95% confidence intervals (95% CIs), with p <0.05 as cut-off. Similarly, we compared (semi)humid versus dry zones.

Results: We collected 2915 SPT results from 28 clinics (19 cities). Dermatophagoides was the most frequently sensitizing allergen.
There was a significant increase in SPT positivity from 2009 to 2023 in both in- and outdoor aeroallergens (OR 1.26-2.65, 95% CI
from 1.06-1.50 to 1.99-3.52). Comparing dry-humid zones, sensitization to pollen from Oleaceae, Fagaceae (p < 0.0001 all) and most

weeds is more frequent in humid zones, as are Dermatophagoides and cockroach (both p < 0.0001). Eucalyptus, mesquite, and all
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grass pollen sensitizations predominate in dry zones (p < 0.05-0.0001). There are no differences in sensitization to cat or dog between
Zones.

Conclusion: We found a general increase in SPT sensitization over the past fourteen years, suggesting that this is probably not only
due to climate change. The different sensitization profile throughout the country was mainly related to humidity. Repeating
epidemiologic SPT studies over the years could help tracking changes in allergen sensitization over time.

Keywords: allergy, diagnosis, skin prick testing, aeroallergen, climate change, pollen allergy, allergic rhinitis, allergic asthma

Introduction

The allergenic content of the atmosphere varies according to plant phenology, linked to meteorological conditions,
geography, and degree of urbanization.' Mexico is a large country with a surface area of 1,935,162 km,” consisting of 32
states. The north of the country has a dry climate, with desert areas in four states. The central zone is considered
temperate and semi-humid, while in the southwest, the warm, semi-humid climate predominates, and in the southeast, the
climate ranges from temperate humid to a frankly tropical one.”? In the northwest and northeast, scrublands prevail, with
large areas of coniferous forests, oaks, grasslands, and saline soil vegetation. Mountainous forest areas can be found in
the center and coniferous and oak forests in the center and northwest of the country. There is a predominance of dry
forest in the southwest, while the vegetation is aquatic (mangroves) and humid jungle in the southeast.”> As a result of this
diversity, variation in allergen sensitization profiles can be expected.

In the context of climate change in Mexico, Cuervo-Robayo et al published data for the last hundred years, showing
mean temperature has increased by nearly 0.2°C on average, but this has been more pronounced in the Northern Nearctic
provinces. The southern tropical provinces cooled at the beginning of the 20th century and then warmed consistently
since the 1970s. Precipitation increased in the middle of the past century but has been decreasing since.’ More recently,
a rise in the temperature of +0.71°C was documented between 1951 and 2017 and no change in overall precipitation.
However, when the full water balance was seasonally accounted for (precipitation minus potential evapotranspiration),
the trend resulted in more extreme climates with a wetter wet season and a much drier dry season across the country,* in
agreement with data from the World Bank 1901-2020.°

In 2009, we conducted a structured, retrospective chart-review of skin prick test (SPT) results, with the participation
of eleven allergy clinics throughout the country plus ten that submitted joint results of 1500 patients in the North. Each of
the former clinics uploaded the results of at least a hundred patients, giving a total of 4169 SPT-result charts.
Dermatophagoides pteronyssinus was the most frequently sensitizing allergen (51%) followed by pollens from various
trees (Ash 27%, Alder 22%, Oak 19%), and Bermuda grass (26%). In the hot zones (humid and dry) Aspergillus
sensitization was more frequent than in the more temperate zones, while cockroaches thrive in big cities and humid
zones; contrarily, Mesquite and Poplar sensitize more in dry zones. Generally, weed pollens were less important.’

Reports of aeroallergen sensitization profiles in Latin America are not abundant but have been conducted in some
other countries, such as Colombia,” Venezuela,® Brazil,” and Argentina.lo However, to our knowledge, no reports exist
related to changes in aeroallergen sensitization over time nor comparing different climatological zones in one country.

Thus, we decided to repeat the retrospective chart review focusing on SPT aeroallergen positivity in different regions
of Mexico and compare the results with the 2009 Mexican SPT data.®

Materials and Methods

Allergists throughout the country were invited to download the results of their most recent SPT (at least 100), conducted
in patients 3—80 years-old with respiratory allergy onto a standardized Excel file. Centers indicated which allergens were
tested, and which of them presented a positive SPT. According to the Mexican Guidelines on allergen immunotherapy,
a mean wheal diameter 3 mm larger than the mean wheal size of the negative control, is considered a positive test.''
Participating centers were grouped according to the National Institute of Statistics and Geography (/nstituto Nacional de
Estadistica, Geografia e Informdtica (INEGI)) climatological classification, in (semi)humid and (semi)dry zones and per
average temperature. The dry zones correspond to the Koppen-Geiger climate classification of B, for desert and semi-arid
regions in temperature ranging from cold (Bwk) to hot (Bwh). The (semi)humid INEGI regions correspond to Képpen-
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Geiger classifications A (tropical) to C (temperate), with summer temperatures from warm to hot (see Koppen-Geiger
climate classifications).

Many centers test with Dermatophagoides spp. as cross-reactivity between Dermatophagoides pteronyssinus and
Dermatophagoides farinae is very high.'>'® Other centers, however, do test for the separate species. For data analysis,
outcomes of all three groups were presented separately. Results were analyzed nationwide and compared to the data from
a very similar study in Mexico in 2009. For the comparison of the ratios of SPT positivity between old and the new data
and humid versus dry regions, only allergens with >500 SPT were considered. Comparisons were conducted with chi-
square test, with Yate’s correction for continuity applied to calculate odds ratios (OR) and 95% confidence intervals (95%
ClIs), with p <0.05 as cut-off to detect statistically significant differences.

In Mexico, in accordance with the General Health Law and its regulations, clinical research studies that are exempt
from requiring approval by an ethics committee are those that involve the use of medical records, as long as the
confidentiality of patient’s personal data is ensured, and legal provisions regarding the protection of personal and health
data are complied. Our retrospective, anonymized chart review falls under this category. This is also in accordance with
the guidelines outlined in the Declaration of Helsinki.

Results

In the 2022-2023 study allergists from 28 different clinics from 19 different cities, distributed throughout Mexico,
participated (Table 1 and Figure 1), with a total of 2915 skin prick test results collected. As this was a retrospective
collection of real-world data, each center reported the findings of their routine testing. Thus, not all allergens were tested
in all centers. Figure 2 depicts aeroallergens with at least 500 conducted SPTs and at least a 10% SPT positivity.
Nationwide, house dust mite (HDM) is by far the most frequently sensitizing allergen. For a report on all tested allergens
and their frequency of positivity, see Supplementary Table 1.

1314 many aller-

As Dermatophagoides pteronyssinus and Dermatophagoides farinae cross react almost completely,
gists opt for skin testing with a mixture of Dermatophagoides spp. The next most frequently aeroallergen sensitization is
directed against ash tree pollen, the tropical grass Bermuda grass and cat. In Figure 3 we compare the positive ratio of
aeroallergens in SPTs conducted recently, against those reported in the 2009 SPT study. All aeroallergens, except for
Blomia tropicalis, showed a rise in SPT positivity, almost all of these increases in SPT positivity being of statistical

significance (for detailed comparisons see Supplementary Table 2). The most remarkable increases in SPT sensitization

(>10%) were documented for Dermatophagoides farinae, perennial ryegrass (Lolium) and saltbush.

In the Figures 4-6, we present the frequency of SPT positivity to aeroallergens in the humid versus the dry regions,
again only considering those acroallergens with at least 500 SPTs. SPT sensitization to pollens from the Oleaceae family
(ash, olive and privet) and the Fagaceae family (oak, Casuarina), among others (Figure 4a), is more frequent in humid

Table | Participating Centers, Their Distribution Over the Humid and Dry Regions and Number of SPTs Reviewed per Center

Humid-Dry Regions INEGI Climate Assignment* Participating Cities n

Humid and Subhumid Hot, subhumid and Hot to semi hot, subhumid (grouped) Mérida, Colima, Tuxtla, Veracruz 100, 100, 100, 100
- Temperate, (semihot) humid Uruapan 123
- Temperate, semihot sub-humid Guadalajara, Matamoros, Cd. Victoria | 601, 100, 100
- Temperate, sub-humid Mexico City, Puebla, Toluca 400, 298, 100

Dry (B-Zones According to Képpen-Geiger) | Hot, dry/semi-dry Querétaro, Mazatlan 100, 100
Temperate/semi-cold, dry/semi-dry Pachuca, Zacatecas 92, 101
Temperate, dry; rainfall in winter Tijuana, Ensenada 200, 100
Hot, very dry Ciudad Juarez, San Luis Potosi 100, 100

Note: *Classification of temperature groups is related to the average temperature. A more precise description can be found on the INEGI website.
Abbreviation: INEGI, acronym for the Spanish name of the National Institute of Statistics and Geography.
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Figure |1 Geographic distribution of the participating centers and climatological zones in Mexico. Mexican Republic with climatological zones according to INEGI and
participating centers. INEGI climatological zones are based on average temperature and rainfall and closely related to the Képpen-Geiger climate classification. All Képpen-
Geiger B-classified cities are in our dry group. A more precise description can be found on the INEGI website.?

regions; for the most frequently tested tree pollens the odds ratio for SPT positivity for patients living in humid regions
compared to patients living in dry regions varied from 1.66 (95% CI 1.09-2.55) for acacia to 2.78 (95% CI, 2.06-3.75)
for olive (Supplementary Table 3). Meanwhile, SPT sensitization to pollens from walnut tree, white pine, juniper,

eucalyptus, and mesquite and others (Figure 4a) is more frequently seen in regions with a drier climate. For these trees,
the odds ratios for SPT sensitization for patients living in humid versus patients living in drier regions varied from 0.70
(95% CI, 0.56-0.87) for mesquite to 0.38 (95% CI, 0.27-0.54) for eucalyptus.

All grass pollen sensitizations were more abundant among patients from drier regions, with the pollen of Bermuda
grass, a tropical grass, being the most frequently sensitizing grass in the drier regions (Figure 4b). Most of these
differences reached statistical significance, as shown in Supplementary Table 4.

As for sensitization to weed pollens, some are more frequent in humid zones (ragweed (Ambrosia), Lamb’s quarters
(Chenopodium) and sunflower (Helianthus)), while others are more common in drier zones, such as Russian thistle
(Salsola kali), saltbush (Atriplex) and plantain (Plantago lanceolata), reaching the highest SPT sensitization for weed
pollens of 24.4% in dry regions (Figure 4c and Supplementary Table 5).

Figure 5 and Supplementary Table 6 depict the SPT sensitization in humid versus dry regions for perennial allergens.

There was a higher SPT positivity among patients living in humid regions for HDM and cockroach, while there was no
difference in sensitization to cat and dog.
Finally, Figure 6 and Supplementary Table 7, show the frequency of SPT sensitivity to molds. Generally, SPT

sensitization to molds is not very common nationwide. Although three centers detected positivity in almost a third of
their patients, these are isolated reports that need to be confirmed with larger sample sizes. Candida and Alternaria
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Figure 2 Aeroallergen skin prick test positivity in Mexico, July 2023. Nationwide aeroallergen skin prick test positivity in Mexico, of all allergens with >500 prick tests
reported and at least a 10% of positive results. (N=500-2915).

Abbreviations: Blomia trop, Blomia tropicalis; Cladosporium h, Cladosporium hormodendrum; Cynodon d, Cynodon dactylon; Der f, Dermatophagoides farinae; Der p,
Dermatophagoides pteronyssinus; Der spp, Dermatophagoides species; Holcus halep, Holcus halepensis; Phleum prat, Phleum pratense; Rumex spp, Rumex species.
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Figure 3 SPT sensitization patterns (%) in Mexico in 2009 (n=958) and in 2022-2023 (N = 500-2915). Skin prick test positivity of tests conducted in 2009 versus tests
conducted in 2022-2023, nationwide in Mexico. Statistically significant differences: ** p<0.01; *** p<0.001; *** p<0.0001.
Abbreviations: Bermuda, Bermuda grass pollen; Der f, Dermatophagoides farinae; Der p, Dermatophagoides pteronyssinus; SPT, skin prick test.
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Figure 4 Frequency of skin prick test positivity to pollens in humid and dry zones of trees (a), grasses (b) and weeds (c). Skin prick test positivity to pollens in humid versus
dry zones throughout different climatological zones in the Mexican Republic, with >500 test results. (a) tree pollens. (b) grass pollens. (c) weed pollens. Statistically
significant differences: * p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001.
Abbreviations: Chenopodi, Chenopodium spp.; Holcus h, Holcus halepensis; Phleum prat, Phleum pratense; Poa prat, Poa pratense; SPT, skin prick test.
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zones, with >500 test results, throughout different climatological zones in the Mexican Republic. Statistically significant differences: ***p<0.0001.

Abbreviations: Blomia trop, Blomia tropicalis; Der f, Dermatophagoides farinae; Der p, Dermatophagoides pteronyssinus; Der spp, Dermatophagoides species; SPT, skin prick
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https://doi.org/10.2147/JAA.S462694

738 Journal of Asthma and Allergy 2024:17

DovePress


https://www.dovepress.com
https://www.dovepress.com

Dove

Larenas-Linnemann et al

ok ok

mHUMID  mDRY |

n
16% 15.0% hdd
[ 13.444:0%
o (4]
14% 12.6%
12%
10%
8.0% *
0,
8% 6.4% N
6% 4.7% 5.0%
4% 2.7%
1.9%
. | o
0%
Candida Alternaria Aspergilus Penicillium Cladosporium
alternata fumigatus notatum herbarum

Figure 6 Frequency of skin prick test positivity molds in humid and dry zones. Skin prick test positivity to molds in humid versus dry zones, with >500 test results,
throughout different climatological zones in the Mexican Republic. Statistically significant differences: * p<0.05; ** p<0.01; **** p<0.0001.
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sensitization is much more abundant in patients from humid regions, rising to a 15% SPT positivity. The second most
often SPT sensitizer from among the molds is Cladosporium, being equally frequent in humid and dry regions.
We could not find any significant difference in sensitization patterns related to temperature in our study sample.

Discussion

In this paper, we show the outcomes of skin-prick tests in patients with respiratory allergies throughout Mexico and
compare results against a similar study conducted in 2009. We demonstrate that there was an increase in SPT positivity
for almost all the most frequent allergens from all reported sources, both in- and outdoors. The only two exceptions were
cockroach, for which SPT sensitization was maintained around 20%, and Blomia tropicalis, for which the sensitization
frequency was reduced. When comparing the humid against the drier regions of Mexico in 2022-2023 the profile of the
SPT sensitizations showed several clear differences: there are trees whose pollens sensitize more in the humid climates
and others that sensitize more often in drier climates. For grasses, sensitization is more common in drier regions and for
weeds it depends on the weed. As expected, HDM sensitization is more frequent in humid climates as is SPT positivity
for cockroach and some molds, while there is no difference in pet allergen sensitization between humid and dry zones.

Interpreting these data in the context of local pollen exposure is not easy as registration of pollen counts is only done
persistently in Mexico City and from time to time in Hermosillo, Los Mochis, San Luis Potosi, Toluca and Monterrey.
Moreover, pollen counting was practically stopped 2020-2022 during the Pandemics. Of the pollens counted, the yearly
pollen load in 20092013 was 30—50% higher than the yearly count of 2017 onward (unpublished data). Also, in Mexico,
there is no clear pollen season, as polinization practically continues year-round. Thus, apart from the number of pollens
in the air, the observed increase in sensitization frequency for pollens here reported should probably — at least in part — be
accounted for by other mechanisms, which we shall briefly review.

Vegetation in polluted areas could produce more allergenic pollen, as the interaction between air pollutants and pollen
grains might damage the pollen cell wall, increasing the quantity of allergenic molecules released into the environment;'”
also, particulate matter could serve as pro-allergic adjuvants.

A rise in sensitization to tree pollens related to climate change in children and adolescents with respiratory allergy
was documented in a very comprehensive study in Seoul, Korea. Lee et al analyzed SPT sensitization and meteorological
data over two decades (from 1998 till 2019). Among the major tree pollens, the largest increases in allergic sensitization
were noted for oak, hazel, and alder pollens, with an annual increase of 0.28%, the major increases being detected within
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the younger age groups. Meanwhile, the meteorological data in Seoul showed a parallel increase in the duration of the
pollen season from 98 days to 140 days and a rise in temperature, both factors correlating positively with the rise in SPT
positivity to tree pollens.'®

Since the 2009 analysis, it became clear that the most frequently sensitizing pollens in Mexico are not olive, birch and
timothy grass as in Europe, but their family members or related pollens: ash, oak and Bermuda grass. In our population
sensitization to some pollens was more frequent in the dry regions, such as grasses, several weeds (plantain, Russian
thistle, saltbush and dandelion) and mesquite. Data reported in Qatar, with a hot and dry climate, are partly in agreement
with our findings. The highest frequency of SPT positivity was reported for pollen from Amaranthaceae (66.2%),
followed by Poaceae (55.8%), mesquite (18.1%) and dandelion.'” In Kuwait, sensitization to Russian thistle was the
most frequently reported sensitization, followed by Lamb’s quarters and Bermuda grass; indoor allergens were less
important in this cohort.'®

Since several years back, it became clear how climate change is increasing not only the peak pollen season and thus the
pollen load in the environment but also the duration of the pollen seasons and even the allergenicity of pollens.'* ' At the
start of this, millennium aerobiologists already had observed a trend toward an earlier start of the birch pollen season in
many European countries, related to increasing temperatures over the past 30 years.”? Apart from temperature, Rogers et al
also demonstrated how environmental carbon dioxide (CO,) can increase plant biomass and photosynthesis. CO, level is
higher in urban areas, and some investigators have demonstrated an increase in inner-city ragweed allergenic potential: the
plants grew faster, flowered earlier, and produced significantly greater aboveground biomass and pollen.”® More recently,
colleagues from Mexico City also reported on the association among allergenic sensitivity, pollination, and pollution.**

Although one would not expect to find a rise in pet allergen sensitization due to climate change, the rise in pet

ownership”>~2°

could be an explanation for the augmented sensitization frequency we found for cat (18-25%) and dogs
(9-17%) from 2009 to today. Globally, pet ownership has been on the rise, and a survey showed Mexico is among the
countries with the highest dog ownership.*’

Finally, another explanation could be that recently exposed individuals are more susceptible to develop specific-IgE to
any (aero)allergen, as predicted by the “broken barrier” theory. This could also be a factor in the simultaneous increase
we observed in the sensitization frequency of indoor allergens.*®

Our study is based on retrospective chart reviews of the 100+ most recent SPT results in various allergy clinics in 19
cities throughout Mexico. In our country, there are several providers of allergen extracts, what can result in differences in
quality and potency of the SPT material. Moreover, each SPT technician (physician or nurse) has his own technique of
conducting and reading an SPT. Due to the retrospective methodology of this trial, these issues were not standardized
among the different participating centers, which could be a factor of bias. However, in this sense, it is reassuring that the
2023 SPT positivity for cat and dog is practically the same in humid and dry regions, indicating that it is very probable
that SPT techniques do not vary too much between centers.

When comparing 2009 with 2022-2023 data, other factors of bias could be present. Thus, the rise in allergen
sensitization documented here could have several causes, apart from climate change and augmented exposure to allergens
of higher allergenicity. The number of centers that participated in our recent chart review was much larger than the
number of centers participating in 2009, and only partly overlapped. Moreover, some of the allergen extract providers
have changed during these past fourteen years. Probably, this did not impact too much, as many different centers
participated and thus, we might expect a regression to the mean due to some centers using more potent and others less
potent allergen extracts. However, the only allergen extract with remarkably lower potency currently is Blomia tropicalis
that, in 2009, was almost exclusively sold by a Cuban company preparing a high quality, highly concentrated allergen
extract, meeting European standards. This facility is no longer providing extracts for export. This could explain why
Blomia tropicalis is the only allergen with a reduced current sensitization frequency.

The retrospective SPT chart-review from 2009 was followed two years later by a prospective study, with the same set
of blinded allergen extracts used in all participating centers, standardizing SPT technique with proficiency testing before
recruiting patients.”” Thus, we are now in the planning phase of a prospective study of similar design as the prospective
one from more than a decade ago, to produce more robust data. Even so, the experience showed that the results from the
prospective study in 2012 did not show major differences from those of the retrospective chart review from 2009.
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Moreover, sensitization data can now also be collected from molecular allergy diagnostics, but costs are still prohibitive
for large samples. Finally, simultaneous collection of precise aerobiology data on pollens in the atmosphere, as was done
in Korea, would be very enriching. In Mexico, we do not yet have these high-tech methodologies for aerobiology
detection available.

Conclusions

Our results suggest a remarkable increase in SPT sensitivity across the whole range of allergens, seasonal and perennial as
well as in-door and out-door ones, over the past 14 years. Conclusions should be drawn with care as some confounding
factors and possible points of bias could not be ruled out. Public health suggestions based on our findings are a stricter anti-
pollution policy and for patients to wear a KN-95 face mask out-doors during the pollen season of their particular sensitizer
and during days of high pollution. Economically supporting the online pollen reporting website to augment the detection
stations within Mexico City and in other cities and to give continuity to this endeavor could help with that.

We also demonstrated a different sensitization profile throughout the country, related to humidity. Allergists should
assemble their SPT panel with the most frequently sensitizing allergens nationwide but also be acquainted with the local flora
and partly adapt their SPT panel accordingly.''*° Moreover, running retrospective chart reviews of SPT results is of ongoing
value, as changing sensitization profiles, as well as local differences can be picked up by this simple, low-cost method, as long
as the sample size is large enough. These data should be confirmed in a prospective study with the same blinded extracts being
tested with a standardized SPT technique. Data should ideally be complemented by molecular allergen sensitization profiles.

Abbreviations
CI, confidence interval, HDM, House dust mite; INEGI, Instituto Nacional de Estadistica, Geografia e Informatica; OR,
Odds ratio; SPT, skin prick test.
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