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Effect of Climatic Changes in
tne Incidence and Emergence of

Infectious Diseases

K Neelakantan Viswanathan

——

INTRODUCTION

Climatic changes influence largely the incidence, spread
and emergence of infectious diseases. the majority of which
are cither waterborne or vector-borne. Heavy rainfall and
floods, cyvelones causing displacement ol population,
El Nino phenomenon, emission of greenhouse gases
like carbon dioxide and increasing temperatures play an
important role in emergence and spread of infections. The
following article deals with these globally especially i UsA
and also incidences elsewhere worldwide.

WATERBORNE DISEASES

Fhe planet’s water evele is influenced by the earth's

atmospheric energy which is increasing of late, being
dependent on heavy downpours and greenhouse gas
emissions, Al parts of the US except the southwestern
regions and Hawaiian islands have witnessed heavy
rainfalls since the beginning of 20" century. Maska and New
England have also wimessed great intensitication ol water
evele which has increased by about 35 times, in contrast o
what was present previously. This is likely to affect the entire
country in future. The resultant contamination of drinking
water, groundwater, and surface water result in spread
ol infections like cholera and leptospirosis. Hepatitis |\,
Escherichia cofi OILT-HT infection and cevptosporidiosis
have resulted with discharge of chemical pollutans and
heavy metals in contaminated sewer outflows which receive
storm and sanitary waste water in the same pipe during
incessant raintalls. The proliferation ot Vibrio resulting in
chulera outbreaks have been auribured o the deceased
sodinm concentration in ocean waters and faster rate of
warming in Fastern Medirerranean nations like Isracl. Chile
m South America, Northwestern Iherian Peninsula, Pacitic
Northwest in Us, Baltic naton, and poliar regions. In 20040,
consumimg ovsters i AMaska led do onthreaks of Vidnn
gl.li.llu'ul-.!.l\lu us infection, which was not even -.pnk:'n o
seaared ol |!n'\i:|l|s|\ this sull estended more toward the

north by icereat distance

EL NINO-SOUTHERN OSCILLATION
RELATED OUTBREAKS

The eastern pacitic ocean undergoes warming of waters
periodically once in 5 vears and this is called El Nino

Southern Oscillation {ENSQ). They have immense effects
on the weather. La Nina is the opposite, referring to cooler
than average temperatures. Greenhouse gases cause
increase in ocean temperatures and the heat generated
produces hurricanes ol increased intensity causing more
raintull. but they oceur with decreased frequency. \ ven
powerlul hurricane Miteh hit Central Nmerica, Honduras
and Nicaragua, Yucatan peninsula. and south Florida
with wind speed of nearly 275 kinch Killing more than
10.000 and causing dengue, malarvia, and leptospirosis.,
L
conditions suitable for insect vector breeding especially
i kast and South Africa from 1950, Outbreaks in Last
African countries like Tanzania, Kenva, and Somalia were
envisioned about a month earlier. Bl Nino had capricious
association with incidences of malarioon Africa. However,
the most consistent was in South Arica and Swavziland.

SO caused epidemics of infectious diseases in wet

South America, especially Colombia witnessed a strong
association with malaria where an increase ot 20% occurred
with a degree centigrade temperature increase in 2006
In Thailand, between 1996 and 2005, there was increased
incidenve of dengue fever and 15 20" ol variatnon in
incidence was due to EI Nino. There was an increased
incidence of dengue tever epidemics in South America
during the Bl Nino phenomenon from 1997 1o 2007, Ritt
Valley tever also is influenced by EXSO-driven raintadl
especially in southern and castern Africa.
since insects are cold blooded, their cluster in o
particelir region s determined by the wemperatire of
the surroundings. The inscects are forced 1o maove up the
mountainsides and toward the poles during extremes ot
o heat and the present heecding sites become makiprogpos
stagnant pools o water during ranm season become
tavorable hll'l':lll:l_-.'_ ~ites fog TTHOSGLEET O S 2 Iy I|l'|l:11|!'

and mealara, In lh‘-rﬁ @(’_DF?{J?NTI[ ™R brecding ponls




intectious Disedses

into atmosphere. Major mduosirial natons by 20500 et a
warting target less than 2 Cabove the preinduserial fevels,

Ihis requires reducing greenhouse gas cmissions by

30075 below 2010 levels (2006 Pans agrevment on cinnatic
change ! and ensures beer air qualing and decrease indoor
atr pollution mortaling, For example, bioluel burning
vookstoves used by 3 hillion people accounts tor 2537 of the
black carbon emissions warming the planet and killing |1
million per vear. Avoid them and use clean ones.
Vdaptation is secondary prevention decreasing harm
associated with seilevel rise, heatwaves, floods, aridine. and
wildtives. Adapration predices the precise locaton, duration,
and severiy of extreme weather events and tlooding due to
sea level rises. The climatie changes that are encountered

since 1850 predominantly depend on the emission ol

greenhouse gases that absorb intrared radiation, ke
carbon dioxide, nitrous oxide, and methane thatare tormed
as a result of deforestation and combustion of Tossil tuel
and halocarbons. They alter the climate ol the carth and
change the epidemiology ol some infectious discases. cause
cmergence of new ones and spread of existing ones.

In Holocene, the present period, the temperatures
have been stable with just iwo and a half degrees Celsius
variability. In the Last 50 decades, the emperature has
increased by about 5 L whereas the same amount of
increase will oceur within the next one-and-a-halt decades,
unless the check on emission ol greenhouse gases s made.
Such is the impact ol greenhouse gases on global warming,
The temperature ot the carth will be immensely less in
the absence ol greenhouse gases. The Aretic has overall
wiarmed two times more with winters warming quicker than
suniners, The low temperatures at nightime are nowiadays
rising faster than the high davtime temperatures and this
has immense bearing on the incidences ot vector borne
illnesses. The global temperatures are predicted o increase
by the end of this century and extreme heat waves are very
common these davs contributing to forest tires, agriculwral
losses, and nurntional deficiencies causing infections.

‘The recent outhreaks of Nipah virus infections in Kerala
and Kyasanur Forest disease may also be related o climatic
changes.

CONCLUSION

In conclusion, climatie changes are linked to ile evele ot

intections agents via ceological processes causing seasoal

fluctuations. Controlling discase outbreaks successtully

should be our motto by:

s Increasing surveillance

»  Continuing rescarch into associations between climatic
changes and infectious diseases incidence

o lmproving intrastructure of public health by health
training and disease control progrians

o Use ol predictive models.
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See appessr ey svasons ow e residual proods ol wiites
Pt behind by venios eded snoeis tivorable fog brecding
Yiophieles ptosainnoes e ung tanes ol IS UIToes

cie Nlher I owanmies fospetatates which shorten the

Tealetive ovele et pogcses The areas which wers
Pretioashy oo bl Bor it sovivad become Bivarabl
Prevding <iies o warmme chmates Mie Andes ol Sounh

Venicie i Colombia and Foovador and Fast African rifi
mountains like Virnnga Mitamba, and Bwenzori range
wilb very soon shiow increased malarial epidemies due
Tonereasing temperatures and lesser immunin anang
the highlinders, The incidence of malaria is however not
associated with rising temperatures in g linear fashion.
aoptimal temperature for breeding, on an average, being
25 ¢ Higher emperaturesalso have detrimental effects on
s gonadotrophic evele, Anopheles masquitoes increase
as the availabiline ol surfuce water pools Tor mosquito
breceding increases and soil moisture determines the
biting rates. Heavy rainfall can also flush the linvae from
the sites of breeding. However, public health interventions
decrease the incidence of malaria globallv. West African
nations mav surpass the Fast African countries by the
22 century in the incidence and transmission of malaria,
Malaria will also be rampant in Lurope, Asia, and America
in the temperate regions.

Similar behavior of increasing emperatures tans
miting dengue as a result of Tarval development of Aedes
mosquitoes has been observed. A temperature below
15 or greater than 35°C decreases mosquito feeding.
Dengue transmission also depends strongly on puik
tefutive humidiny. New Caledonian studies have shown
i peah transmission at 32 C. Aedes mosguitoes rely more
o domestic breeding sites than nawnral water pools and
this accounts for the intrequent association between
dengue epidemics and precipitation. Dengue epidemics
sometimes have shown to be associated with piped water
supphv owing to domestic stor age obwater, Epidemices have
also been linked 1o rainy scasons. Lymphatic filariasis,
onchocerciasis, and trvpanosomiasis are also waterborne.

The population exposed o Aedes acgypti may increase
twolold by 2010 not only due 1o climatic changes but
also due 10 population increase. Incidences of several
other diseases caused by arboviruses like Zika, West Nile,
castern equine encephalitis, and chikungunva increase
with changes in climate. The western hemisphere in Brazil
showed an increased incidence of Zika virus disease in
2016, which initially occurred in French Polynesia in 2013,
Chikungunya was seen in Ty in 2007 previousiy being
conlined 1o Africa, and is likelv to gain niche in western
Furope like France in 2050, The West Nile outhroiks in
southern USA in Texas and Arizona is likely 1o spread
north o New England and upper Midwest by 2050 and
ceven further north 1o southern Canada by 2100 due 1o
compatible climates. Tick-borne encephalitis had & soong
climatic change association in Sweden in the Lare 19908
Saint Louis encephalitis was similarly prevalent in Florida.

Due o increasing temperatures, Lyme disease,
habesiosis, and anaplusmiosis now in New England has

atiles N the Incdence ard b mergence of Infections s

estahbshed et in Canada andd s kel 1o spread even
Basthier as aoresudt ol the vician Ivoddes apatlianis By
SEe thie Gulf coast s likelv o becone Tess suitable fop
Lo bon e the tick and Quebec, Arkansas, and Towa nun
thiost kel be Babtats bor g0 by 208000 limati change also
oo es mmovement ol population and soch motivaiions
2 sssociated with epidemine discases. An example was
Hurcane Katinawhich displaced millions of people from
the S Gall Coast and outhreaks of pncumonia, diarheal
dhiseise, skin atlments occurred in retugees. They e
dithicule in detecting and management. Warming by 1'¢
creases the odds of @ stonger storm by nearly fivelold.
Hurncane Thane with Pondicherry as its cpicenter in 2011
and Hurricane Fani of 2019 in Orissa also were responsible
for several waterborne outbreaks. The survival of certain
organisms increases at redoced temperatures and
nlaviolet sunlight like hepatitis A viruses and Coxsackice B
virus, the loodborne agents being shell fish and waterborne
agents being groundwater. Outhreaks of infections with
vnteric protozoa like Cyelospora and cryptosporidium
oceur during stormy periods, thein vansport increasing
from fecal and waste water sources, Temperature s
associated with maturation and infects ivory of Cyclospora.
Femperature-associated growth in marine cavironment
with salinity increase transmission of Vibrio vulnificus
and parahemolyticus along with Anabacna species and
Gymnodinium Pseydibutzschia species, the foodborne
agents being shellfish and waterborne agents being
recreational and wound infections,

Delorestation and new habitation increase the
incidence ol Oropouche and cutancous leishmaniasis
alomg with malaria and Lyine disease. Red tide is o common
name for algal blooms, which are large concentrations
ol aquatic microorganisms, such as protozoans and
unicellular algae (e.g. dinoflagellates and diatoms). ‘The
upwelling of nutrients from the sea floor, often following
massive storms, provides for the algae and trigeers bloom
events. Harmtul algal blooms can oceur worldwide and
natural cyeles can vary regionally. Elevated precipitation
imcreases incidences of Hantavirus pulmonary syndrome
and Rift Valley fever. Schistosomiasis, Onchocerciasis,
and Venezuelan hemorrhagic lever are other illnesses.
The intense earthquake off Sumatra coast and the deadly
tsunami that resulied killing thousands ol people in India,
Sti Lanka, Thailand. pants of Malaysia, and even Somalia
an December 24, 2004 caused several waterborne diseises
inaddition. Similar effects occurred with the Great Tohoku
carthquake tsunami in castern Fapan in 2011 causing
nuclear accidents, primarily the level seven meltdowns
at three reactors in the Fukushima Nuclear Power Plant
complex and the associated evicuation zones altecting
hundreds of thousands of residents. Greater disease
burdens occurring with climatic changes are not only
infections. Such changes cause pooraceessiosate drinking
water and tood and result in malnutition. Events related
1o climate change were responsible for revolutions ol Aral
Spring and Syrian civil war, Mitigation reters po primary

prevention involving decrease of greenho (R pu G@P?K’TT%
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three 3 months to complete 1 year. Survivors with ocular findings
require follow-up to assess for cataracts. Semen testing shouid be
done at follow-up visits untl negative for Ebola virus RNA, If
semen testing is unavailable, then WHO recommends that men
practice safc sex for 12 months from onset of illness.

If patients develop fever, then they should be assessed for
relapse, while also being evaluated for other causes of infection.
Development of uveitis and meningitis may suggest relapse. Spi-
nal fluid analysis should be done when meningitis is suspected,
even if the blood tests are negative for Ebala virus RNA.

Prevention
There is no FDA-approved vaccine available for Ebola.
although several vaccines are in various stages of develop-
ment, and some have shown efficacy against virus challenge in
laboratory primates. A vesicular stomatitis virus-based vaccine
expressing a surface glycoprotein of Zaire Ebolavirus (tVSV-
ZEBOV) is a promising candidate that was rapidly escalated
into efficacy trials in Africa. In August 2015, the Lancet pub-
lished an interim analvsis showing that rVSV-ZEBOV appears
to provide 100% protection against the virus. The trial was
carried out in Guinea and used a “ring” design in which con-
tacts of infected people are vaccinated, as are any subsequent
contacts of those people.

Recommendations for travelers to an area affected by an Ebola
outbreak or those residing in such an area are as follows:

e TPractice careful hand hygiene and avoid contact with an in-
fected person’s blood or body fluids, including personal items
that may have come in contact with blood and body fluids.

* Avoid unprotected contact with the body of a deceased person
who was infected with EVD.

« Avoid contact with bats and nonhuman primates, including
bload, bodily fluids, and tissues from these animals.

« Monitor health for 21 days after return from an Ebola endem-
ic region, and seck medical care immediately if any symptoms
develop.

Health care workers at risk for exposure to Ebola must wear
PPE and notify appropriate health officials at their institutions if
they have unprotected contact with the blood or bedily fluids of a
person infected with EVD. Finally institutions must have proper
infection control and sterilization measures in place for handling
of biohazardous materials. Clinicians may contact the CDC for
additional information on use of experimental therapeutics and
vaccines for prophylaxis following a high-risk occupational expo-
sure to Ebola virus.

Monitoring

Local authorities may have specific regulations for management
of asymptomatic individuals with Ebola virus exposure. This
includes self-monitoring versus direct observation by a health
official, and the need for quarantine. In general, asymptomatic
persons who have had an exposure should be monitored for 21
days after the last known exposure, and should immedidtely
report the development of fever or other clinical manifestations
suggestive of EVD to the health authorities.
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CURRENT DIAGNOQOSIS

« Infective foodborne ilinesses are innumerable and are caused
by various microorganisms. Some microorganisms are estab-
lished agents, several others are emerging pathogens, and
the pathogenicity of the remainder is still under speculation. .

+ Classification of these ilinesses is best done according to their
incubation periods, the symptoms they produce, or both.

+ Nausea and vomiting predominate in illnesses with short .
incubation periods caused by preformed toxins, whereas.
diarrhea predominates in those with long incubation periods .
tzused by toxins produced in the intestine. "

« Urcercooked charcuterie, meat, poultry, and seafood account
¢~ 2 majority of foodborne iliness, but dairy products, salads, .-
i:2 t+ies, fruits, and vegetables can also cause illness. ¢

« Corizminated water acts as a vehicle in almost all instances. ©;

g CURRENT THERAPY

« The majority of infective foodborne ilinesses with symptoms -
confined to the gastrointestinal tract, although apparently  '*
siarming, are self-limiting and need only supportive measures
including réplacement of water-and electrolytes. R ERT

« Antimicrobial agents are indicated only in certain patients,
including those with systemic illnesses, extremes of age; -
immunocompromised and-malnourished states, and severe
life-threatening illness. b W

« Antitoxin is useful'in botulism poisoning. . 2

* Vaccines are available against Vibrio cholerae, Salmonella
typhi, hepatitis A virus, and rotavirus, but their effectiveness !
and cost-effectiveness are debatablé. F

The Centers for Disease Control and Prevention (CDC) estimates
that each vear roughly one in six Americans (about 48 million
people: gets sick from foodborne illnesses; 128,000 are hospirals
ized, and 3000 die. These figures are higher in developing nations,’
and many cases are not brought to light because they occur i
remote villages. The 2011 estimates provide the most accurate’
picture of infective foodborne illnesses, of which bacteria, viruses,
and parasites account for the majority. Processing of ready-to-cat’
foads increases the risk of acquiring foodborne illness because:
of increased food handling, leading to introduction and growth:
of pathogens. Increased international travel and migration have:
also resulted in a greater risk becanse travelers are at high risl
for developing foodborne gastrocenteritis caused by pathogens tg:
which they have not been exposed at home, '

Classification of Foodbarne llinesses
Agents causing foodborne diseases may be classified in several’
ways. The most common scheme is a taxonomic combined with a
classificarion based on mode of action (Tables 1 to 3).

Bacteria .
Aeromonas Species }
Species of Aeromonas are ubiquitous and autochthonous in aquatl¢:
environments, more so after the tsunami that followed the Indong:!
sian carthquake in December 2004, These acromonads share many”
biochemical characteristics with members of the Enterobacteriaceae,,
The mesophilic species Aeromonas caviae, Aeromonas hydrophila,®
and Aeromonas veronii are principally associated with gastroenterl’
tis; A. caviae particularly infects children younger than 3 years.
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Scott Kellermann, MD, MPH; and Rick D. Kellerman,
MD

Cholera 538
Mark Pietroni, MD, MBA

Myalgic Encephalomyelitis/Chronic Fatigue
Syndrome 541
Stephen J. Gluckman, MD

Ebola Virus Disease 544
Uma Malhotra, MD

Foodborne llinesses 546
Anita Devi K. Ravindran, MD; and K.N. Viswanathan,
MD

Giardiasis 557
Rodney D. Adam, MD

Treatment and Prevention of HIV

Infection 561

Allison K. Cormier, MD; Tyler K. Liebenstein, PharmD;
and Ryan P. Westergaard, MD, PhD, MPH

Infectious Mononucleosis 573

Ben Z. Katz, MD

Influenza 574
Jeffrey A. Linder, MD, MPH

Leishmaniasis 577

Luigi Gradoni, PhD

Leprosy 580

Gerson O. Penna, MD, PhD; Maria Araci de Andrade
Pontes, MD, PhD; Carolina Talhari, MD, PhD; Heitor
de 54 Gongalves, MD, PhD and Maria Lucia Penna,
MD, PhD

Lyme Disease 586
Carlos R. Oliveira, MD, PhD; and Eugene D. Shapiro, MD

Malaria 590
Lawrence M. Gibbs, MD, MSEd and Dustin A. Creech,
MD

Measles (Rubeola) 600
Jane A. Weida, MD

Methicillin-Resistant Staphylococcus
aureus 602
Elissa Rennert-May, MD, MSc; and John M. Conly, MD

Mumps 609
Kristen Rundell, MS, MD

Necrotizing Skin and Soft-Tissue
Infections 610
Kalyanakrishnan Ramakrishnan, MD

Osteomyelitis 611
George D. Harris, MD, MS

Plague 615
Nelson Ivan Agudelo Higuita, MD; and
Douglas A. Drevets, MD
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Nervous System . .
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Clostridium difficile Colitis 617
Jeffery D. Semel, MD

Psittacosis 620
Christopher C. McGuigan, MB, ChB, MPH

Q Fever 621
Didier Raoult, MD, PhD

Rabies 622
Alan C. Jackson, MD

Rat-Bite Fever 624
Jatin M. Vyas, MD, PhD

Relapsing Fever 626
Diego Cadavid, MD

Rubella and Congenital Rubella 629
Dee Ann Bragg, MD :

Salmonellosis 631
Arvid E. Underman, MD

Severe Sepsis 635
lerome Larkin, MD; and Marisa Holubar, MD

Smallpox 638
Raul Davaro, MD

Tetanus 642
Dilip R. Karnad, MD

Tickborne Rickettsial Diseases (Rocky
Mountain Spotted Fever and Other
Spotted Fever Group Rickettsioses,
Ehrlichioses, and Anaplasmosis) 645
Robert Wittler, MD

Toxic Shock Syndrome 649
Julius Larioza, MD; and Richard B. Brown, MD

Toxoplasmosis 652
Carlo Contini, MD

Typhoid Fever 664
Tamilarasu Kadhiravan, MD

Varicella (Chickenpox) 666
Cassie Scripter, MD

Yellow Fever 669
Lucius M. Lampton, MD

Whooping Cough (Pertussis) 671
Deon Regis, MD

Zika Virus Disease 673
Scott Kellermann, MD, MPH and Rick D. Kellerman, MD
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Acute Facial Paralysis
Steven L. Meyers, MD

Alzheimer’s Disease 681
Philip D. Sloane, MD, MPH; and Daniel 1. Kaufer, MD

Brain Tumors 686
Ryan Merrell, MD
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