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Abstract 

Background: Based on several previous studies (regional and national), Tijuana, Baja-California, Mexico (across the border from San Diego, California, 
USA), has shown the highest rate of Meningococcal Meningitis (MeM) in the country, however, the reason for this has not yet been known. In the “African 
Meningitis Belt”, the Harmattan seasons are associated with MeM outbreaks. The Santa Ana winds seasons (SAWs) are hot and dry winds (similar to 
Harmattan seasons) that occur seasonally in southwestern California, USA, and North of Baja-California, Mexico. Objectives: Our aim was to demonstrate, 
as a short communication, a potential association of SAWs with MeM in Tijuana, Baja-California, Mexico, which in turn, may partially explain the high 
rate of this disease in the region. Methods: Based on own previously published data obtained from thirteen years of active surveillance of MeM, and a 65 
years review showing the occurrence of SAWs, we estimated the risk ratio (RR) of total cases number by MeM vs. bacterial non-MeM (bacterial meningitis 
not caused by Neisseria meningitidis) during seasons with and without SAWs. Results: We found an association of SAWs seasons with MeM, but not with 
bacterial non-MeM (RR = 2.06, p = 0.02 (95% CI 1.1 to 3.8), which may partially explain the high endemicity of this deadly disease in this part of the globe. 
Conclusion: This study shows a new potential climatic association with MeM, and provides more information that justifies universal meningococcal 
vaccination in Tijuana, Mexico.
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INTRODUCTION

Meningococcal meningitis (MeM) is a contagious disease 
transmitted from individual to individual by airborne 
droplets of respiratory or throat secretions. The highest 
burden of the disease occurs in the ‘African Meningitis 
Belt’, a region stretching from Senegal to Ethiopia with 
an estimated population of 400,000 million people 
[1]. While Neisseria meningitidis serogroup A was the 
main cause for large epidemics before monovalent 
conjugate serogroup A meningococcal vaccine was 
universally administered, serogroups W, C and X are 
also responsible for localized outbreaks [1]. Increase in 
incidence is typically observed during the core of the 
dry season, from January to March, characterized for the 
presence of these dry and hot winds called Harmattan. 
These winds blow from the northeast and carry high 
dust loads from January to March, before rainy seasons 
start [2]. These dusts mostly originate from Bode´le´ 
(Chad) causing weekly incidence rates reaching up to 
100 per 100,000 population in individual communities 
[2]. Even with appropriate treatment, the mortality rate 
fluctuates around 10%, and 10–15% of survivors suffer 
long-term neurological sequelae [1,2].

Similarly, the Santa Ana Winds seasons (SAWs) are 
episodic pulses of easterly, downslope, offshore flows 
over the coastal topography of the California Border 
Region: Southern California and Northern Baja-
California (Mexico), occurring mostly from October to 
April, and are associated with very dry air, often with 
anomalous warming at low elevations, similar to the 
Harmattan winds associated with MeM outbreaks in 
Africa [3].

Furthermore, SAWs have been associated with episodes 
and/or exacerbations of asthma and/or allergies [4], and 
maybe with Coccidiodomycosis [5].

Meningococcal universal vaccination (MUV) has never 
been part of the Mexican National immunization 
Program (NIP).

The Tijuana, Baja-California, Mexico, and San Diego, 
California, USA -border, is considered to be the most 
transited in the world.

Based on our active national surveillance studies, 
Tijuana has the highest incidence of MeM in Mexico, 

with annual attack rates varying from 2.6, 4.2 and 
7.6 /100,000 in children < 16, 5, and 2 years of age, 
respectively, being Neisseria meningitidis the leading 
cause of all bacterial meningitis in the region [6-8]. 
Meningococcal serogroup C is predominant (61%), 
followed by Y (23%).

In addition, a binational San Diego, California, USA, and 
Tijuana, Mexico study between 2005-2008, showed that 
MeM was more frequent only at the General Hospital of 
Tijuana when compared to the whole San Diego County 
in children < 16 years old (16 vs. 13 cases, respectively) 
[9], however, MUV at 11 years of age started in the USA 
since 2005, and as mentioned, is not part of the Mexican 
NIP.

Moreover, a serogroup C, MeM (clonal complex 11) 
outbreak with 19 cases occurred in 2013, and was 
associated with a high mortality of 36.8% [10].

In this short communication, we hypothesized that 
the high incidence of MeM in Tijuana may be, in part, 
associated with the occurrence of SAWs in the region. 
This association has never yet been described.

METHODOLOGY

In one a peer-reviewed publication from our group 
based on 13 years of active/prospective surveillance 
(2005-2018), in children > 7 days and < 16 years of 
age at the General Hospital of Tijuana, we identified 
51 cases of MeM (25% lethality), and 30 bacterial non-
meningococcal meningitis (NMeM) among which S. 
pneumoniae was predominant (42%), followed by S. 
agalactiae, S. pyogenes, Enterobacteriaceae, and others 
[8].

A SAW episode was then defined as periods with at 
least 12 hours of continuous selected winds that exceed 
the local wind speed threshold for at least 1 hour, and 
from the available data between 1948-2012 (65 years 
summary review), 2056 SAWs episodes were detected, 
with an average of 32 occurrences per year, hence, a 
mean annual frequency of SAWs was estimated [3].

In order to only compare MeM with NMeM with/without 
SAWs, we did not include cases of meningococcal disease 
without meningitis, however, 92% of all meningococcal 
disease cases developed meningitis [7,8].
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Total number of cases of MeM and bacterial but non-
MeM (NMeM) per month (from our 13 years of active/
prospective surveillance data [8]) were compared with/
without SAWs seasons from a 65 year review [3], and 
followed by Risk Ratio (RR) estimation. 

The reason for comparing MeM with NMeM was 
basically to see whether only MeM, but not NMeM, was 
associated with SAWs, as with meningococcal outbreaks 
associated with the Harmattan condition in the African 
meningitis belt [2].

A z test was also used to compare proportions of MeM 
during SAWs seasons vs. non-SAWs seasons.

RESULTS

The RR of MeM and NMeM with/without SAWs is shown 
in Table 1, showing a clear statistically significant 
association of MeM with SAWs.

Figure 1 shows individual cases per month of MeM (red 
dots) and NMeM (yellow dots) obtained from our 13 
years active surveillance, and, between the dotted lines, 
in blue bars, months with the highest mean annual 
frequency of SAWs, based on 65 years (1948-2012), 
summary review [3].

Additionally, from 51 MeM, 44 (86.27%) occurred during 
SAWs seasons (z test = 7.32, p<0.0002).

Figure 1: Association of Mean Annual Frequency of Santa Ana Winds (1948-2012) and Meningococcal 
Meningitis in Tijuana, Mexico, 2005 – 2018.

Table 1: Risk Ratio Estimation of Meningococcal (Mem) and Bacterial-Non-Meningococcal Meningitis (Nmem) 
With Santa Ana Winds (Saws) Seasons

SAWs seasons Non-SAWs seasons

MeM 44 cases 7 cases

NMeM 17 cases 13 cases

RR = 2.06, p = 0.02 (95% CI 1.1 to 3.8)
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DISCUSSION

This is the first study that clearly associates 
Meningococcal Disease and a climatological condition 
other than the Harmattan condition.

Both Harmattan and SAWs share similarities: 1. Both 
are seasonal and cyclic. 2. Are associated with dry 
winds, and, in the case of Harmattan seasons, lead to 
dust loads that allow Neisseria meningitidis to spread 
[2,3]. The latter has never been described with SAWs. 
However, its impact on triggering allergies and asthma 
has been well described [4], and there is evidence 
that strongly suggests that these episodes of very 
dry air maybe associated with higher transmission of 
Coccidioidomycosis, a mycotic disease that typically 
spreads during dry air turbulences [5].

In our study, we have shown, based on many years 
of prospective/active surveillance that Neisseria 
meningitidis is not only the leading cause of bacterial 
meningitis in Tijuana, Mexico [7,8], but similarly 
proved, based on the same surveillance system in 
nine hospitals within the country, that MeM has much 
higher endemicity in Tijuana than other geographic 
regions in Mexico [6], from which an explanation of this 
phenomena is mandatory. Our elevated rates of MeM 
(2.69/100,000 in < 16 years of age [7]) in a city of two 
million people may be seen not concordant with 51 
cases in thirteen years, nonetheless, as we described 
this when we published our studies [7,8], in the state 
of Baja-California, Mexico, during the time of our active 
surveillance, there were mainly five different health 
care systems: “Instituto Mexicano del Seguro Social” 
(IMSS), “Seguro Popular”, “Instituto de Seguridad Social 
para Trabajadores del Estado” (ISSSTE), “Instituto de 
Seguridad Social para Trabajadores de Baja-California” 
(ISSSTECALI), and “PEMEX” [11]. The General Hospital of 
Tijuana was the only one attending patients belonging 
to the “Seguro Popular” health care system, therefore, 
attack rates by age groups were estimated by using 
that “Seguro Popular” population as a denominator, 
with the potential disadvantage that maybe some 
patients with MeM belonging to “Seguro Popular” were 
hospitalized in the private sector, potentially leading 
to under estimation. In addition, even though MeM is 
of mandatory report in Mexico, no other hospital than 
the General Hospital of Tijuana has established well 

active surveillance system including both clinical and 
laboratory trained personnel and resources. All of the 
latter was explained and accepted in our publications 
[7,8].

The main limitation of our study is indeed the lack of 
data from other places where SAWs also occur, and this 
association is coming only from one hospital. In Baja-
California, Mexico, the General Hospital of Tijuana, 
where all cases of bacterial meningitis were obtained 
for this study, is the only hospital that actually performs 
active surveillance in the State (as mentioned), hence, 
information from other hospitals where SAWs occur in 
the region is practically absent. In Southern California 
there are no studies of this association, moreover, since 
MUV is part of the NIP in the USA (started in 2005), trying 
to make an association of MeM with SAWs could now be 
very difficult to estimate. Additionally, as we mentioned 
in the Introduction section, we have published a 
binational (Tijuana, Mexico-San Diego, California) study 
between 2005-2008, with more MeM cases only at the 
General Hospital of Tijuana when compared to all the 
San Diego County [9]. 

We are aware that other factors can be associated 
with higher endemicity of MeM in our region, such 
as a potential higher nasopharyngeal carriage in the 
population (studies never performed to date), high rate 
of migration from Central and South America, many 
areas of people congregation, among others.

CONCLUSIONS

This short report showed a statistically significant 
association of MeM during the SAWs seasons when 
compared to bacterial but non-MeM, strongly 
suggesting that this hot, dry SAWs may intervene in a 
higher transmission and occurrence of this potentially 
deadly disease. Nonetheless, our results do not prove 
causality, but rather a hypothesis that, along with 
previous data showing a higher rate of MeM in Tijuana, 
Baja-California, Mexico, urges serious consideration for 
universal vaccination against Neisseria meningitidis in 
this region.
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