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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Objective: Infectious illnesses are predicted to experience a 

range of intricate responses from climate change, with some 
likely to rise, others to fall and many expected to undergo 
changes in prevalence.

Methods: The study uses extensive data on global temperature 
variations and infectious illness transmission in people and 
animals. We now know a lot more about how the temperature 
changes across the world and whether or not the spread of 
infectious diseases impacts people as well as animals. Three 
primary topics of research are investigated in this paper: 
improving mechanical disease modelling, investigating the 
role of environmental variation in sickness dynamics, and 
understanding the consequences of temperature imbalances 
between parasites and hosts.

Result: By incorporating the latest data stemming from these 
advancements into weather-disease models and bridging critical 
knowledge gaps, enhancing our ability to forecast the probable 
effect of rising temperatures on the prevalence of diseases 
among both human and animal communities is possible.

Conclusion: Through the establishment of important 
information gaps and the incorporation of new findings into 
models of climate-disease relationships, it will be possible to 
predict the effects of changes in climatic averages, variations 
and extremes on people and wildlife health.

Key words. Climate change, Temperature, Batrachochytrium 
dendrobatidis (BD), Host-Parasite.
Introduction.

The effects of universal warming on the nature and spread 
of deadly illnesses as well as parasites are among the most 
significant ecology and wellness issues facing humanity and 
the biodiversity of the planet [1]. Over half of all organisms 
on Earth are worms and shifts in their variety, resources 
and geographic distribution have an immediate impact on 
the processes of ecology, biological conservation, the food 
economy, and the health of humanity. Weather and temperature 
patterns are growing more erratic as the earth heats. This is 
demonstrated by a shift in climate along with a spike in the 
amount and duration of storms, shortages, and extremities of 
heat and cold [2]. The pace and course of these changes, as well 
as the capacity of certain species of parasites to adjust the novel 
and challenging environments, have an impact on the effects 
of these alterations on host-parasite interactions and parasitic 
populations. The effectiveness of parasites can be affected in 

a number of ways by harsh circumstances and sudden changes 
in the environment. Natural selection throughout several 
generations alters the prevalence of alleles in a population for 
example, some genotypes become more advantageous, and 
others vanish because the changing circumstances are more 
suited for the continued existence of specific people [3]. 

However, groups can either vanish or migrate if people are 
incapable to endure or adjust to the environmental shifts, 
which will cause an alteration in the geographic distribution 
of the organism. Parasites' species-specific responses to 
environmental factors, including freeze along with drying 
out acceptance, phenotypic plasticity, acclimation ability and 
interactions with the environment, can mitigate the adverse 
effects of novel environments, enhancing the probability of 
survival and adaptation [4]. To accurately forecast the impact of 
climatic changes on interactions between hosts and parasites, it 
is essential to comprehend the nuances in the life cycle routes 
of parasite that affect persons' and groups' capacity to adapt to 
their abiotic factors context. Here, the species discusses some of 
the physical and behavioural adaptations that worms have made 
to their bodies to survive in difficult conditions. It discusses 
how these modifications relate to their sustainable and life-
history features, which can have an impact on the amount of 
time they are able to survive in and adjust to the harsh as well 
as erratic circumstances that global warming could bring about 
[5]. Researchers do this by concentrating mostly, but not solely, 
on nematode parasites from the Arctic, where relationships 
between hosts and parasites are changing, extreme temperatures 
are noticeable and global warming is occurring at the fastest rate 
[6]. We provide instances of nematode parasitism from moderate 
locations, in which there is a greater body of research and a 
better understanding of adaptation. Our primary objective is to 
characterize and gain a deeper comprehension of the different 
strategies used by worms to endure harsh environments and 
abrupt heat swings, dehydration, and phonological phenomena 
[7]. As a result of warming temperatures or additional 
environmental alterations, we address whether these processes 
can influence and determine the ability of parasites to adjust to 
their new surroundings and lead to propagation at the level of 
the area [8].
Objective of this study.

A comprehensive understanding of the underlying processes 
that drive the appearance, dissemination, and adaptation of 
diseases in settings that are changing can be attained by making 
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it the mission to decipher the intricate links that exist between 
mechanistic disease theories, the dynamics of the climate and 
host-parasite responses.
Combining infectious dynamics and temperature reactions 
utilizing mechanistic models.

Using mathematical frameworks, investigators are enhancing 
the modelling of disease propagation by adding various 
mechanisms impacted by weather (Figure 1). Unlike earlier 
linear models that connected infection processes to temperature, 
modern mechanical theories describe the intricate environmental 
interactions between hosts and parasites. With a more detailed 
knowledge of the many processes influencing disease 
transmission made possible by this integrated approach, more 
precise forecasts and focused treatments are made possible [9].

Which are accurate since most features show a hump-
shaped connection with warmth because biological reactions 
become less effective as temperatures go away from the 
ideal, in fact, a recent study found that 15 unique mosquito’s 
types' distribution of 11 distinct illnesses changed unmorally 
with warmth predicted weather circumstances [10]. Species 
distribution models (SDMs) see dynamical SDMs, but they are 
correlative and solely dependent on historical or present-day 
weather data as opposed to situations expected with warming 
temperatures. Certain writers have suggested that mechanical 
models execute better than SDMs to forecast species reactions 
in unusual or no equilibrium situations, like changes in the 
climate [11]. When forecasting energy purchases, SDMs and 
mechanistic models fared comparably, but they forecast distinct 
reactions of the species to global warming. Since 2013, changes 
to the technological Ross–MacDonald susceptible–infected–
recovered (SIR) program representation have been implemented 
and utilized for predicting the propagation of the dengue virus 
strains all through temperatures. (Figure 2) It is a Simple vector-
borne illness compartmental model. Blue squares indicate hosts, 
red diamonds vector compartments. Gc, Ac, and Jc reflect 
vectors' susceptible, exposed, and infected states, whereas 
SIR denotes host states. Solid lines represent compartment 
transitions, dashed lines infection paths, and dotted lines vector 
demographics. Given its complexity, we presented a vector-
borne illness model instead of one with directly transmitted 
parasites [12]. In a subsequent inquiry into 11 mosquito-borne 
diseases, the peak transmission temperatures identified through 
mechanistic simulations exhibited a decrease of up to 6˚C 
compared to the temperatures derived from models based on 
general thermal ecological features [13]. Estimates regarding 
additional illnesses, such as dengue fever, Ross River viruses 
and citrus sustainability, were enhanced by taking consideration 
of quadratic temperature features in molecular simulations.

Mechanistic models that considered irregularities in heat 
features produced better forecasts for no vectored animal 
infections [14]. For example, to illustrate how warmer 
temperatures might split the unremitting mechanism-to-fall 
broadcast cycle of a frozen worm into two separate spread 
weeks with differing times. The company and colleagues created 
a mechanical host-macro parasite model that built multiple 
not linear Total Parasite Counts (TPCs) of the host organism 
and sponge [15]. Their forecasts correspond to experiential 

evidence. They integrated this data after measuring the TPCs 
across various properties of both the parasite and crab host 
organisms, aiming to establish a susceptible-exposed-infected 
propagation system for predicting outbreaks under potential 
global environmental changes [16]. According to their model, a 
mere 2˚C increase in temperature will result in significant drops 
in pathogen prevalence and possibly localized extinction in the 
coastal southeast of the United States, while the northern part 
of a parasite's distribution is expected to see a surge in virus 
spread. These two examples show whether periodic patterns 
of infections might be impacted by global warming and the 
effects will differ based on the geographical location of the 

Figure 1. Advancements to illness models mechanistic.

Figure 2. Simple compartmentalised structure of disease transmitted 
by vectors shown graphically.



188

particular pathogen. To achieve this, they integrate field data, 
epidemiological models, and interventional experiments [17].

Additionally, mechanical SIR theories have drawbacks. 
They require tests on many characteristics of the host; a vector 
that results organism and their relationships under different 
circumstances, making them, first and foremost, data-intensive 
[18]. In order to fill in data gaps, data are obtained from studies 
using various approaches and from closely related species, both 
having the potential to introduce mistake. Furthermore, because 
these representations are species-specific, it is difficult to 
address concerns about universality between host and pathogen 
taxa [19].

Certain restrictions on data-intensive, mechanical SIR 
modelling can be overcome with the aid of developments in 
mechanical illness models founded on the MTE. A number 
of scientists have proposed that MTE's basic concepts can 
be employed to explain the heat dependence of host and 
pathogen features, such as growth and longevity [20]. In that 
case, projections could possibly be made using established 
correlations in body size, humidity and metabolic processes, 
which might eliminate the need to measure the connection 
between the climate and characteristics that are crucial to 
the spread of parasites and provide null model projections 
for the species with insufficient data have demonstrated that 
an MTE-based model can be used to forecast the impact of 
temperature variations on disease [21]. This finding raises the 
possibility that MTE models, which take advantage of the well-
established correlations between allometry, the temperature and 
metabolic processes, can be able to forecast how changes in the 
environment could affect the spread of parasites.
The application of MTE to infectious.

Despite the presence of comparable libraries for numerous 
host species, there is a gap in the scientific literature about the 
storage of parasites TPCs. A collection of data of coupled host 
and parasite TPCs could be useful in determining which kinds of 
parasites can see the greatest modifications in dissemination as a 
result of global warming, where on Earth infection rates can rise 
most as a result of climate shifts and how a lot of disease spans 
will shift or increase as a effect of change in the environment 
[22]. There is much to be discovered about TPCs, including the 
question of if TPCs developed in laboratories work as well as 
those found in the wild and TPC parts have the best chance of 
adapting along with acclimating to changing climates. Recent 
publications of useful instructions are used for the creation of 
modelling and studies utilizing TPCs and MTE in connection 
with enticement [23]. The use of change studies to determine 
exploratory objectives, guidance on creating experiments that 
measure TPCs and statistical methods for determining TPC 
factors.
Climate variability's impact on the spread of illness.

A fall in the diurnal temperature range (DTR), which is 
brought about by nocturnal temperature rising more than 
midday conditions and arise in fluctuations in climate are two 
characteristics of environmental change. These factors have 
sparked curiosity in how climatic variability affects illness and 
raised worries about the way that disregarding volatility can 
affect predictions of the relationship between climate change and 

disease [24]. Concerns regarding growing sickness prevalence 
originate from climate unpredictability since parasites adapt 
better to temperature changes than hosts. Figure 3 shows that 
parasite growth during rapid temperature variations depends 
on this adaptation. Studies show that (DTR) affects important 
rate mechanisms and viral maturation phases in vector-borne 
illnesses including dengue and malaria. Due to this complicated 
interaction, illness transmission patterns must be understood in 
a changing climate for successful public health interventions 
[25]. It has been demonstrated that variations in climate lead 
to an increase in wildlife diseases that are spread directly, such 
as the chytrid fungus, (Bd), which infects frogs and a pathogen 
similar to Rickettsiales that infects abalone.
Predicts parasite transmission.

Temperature variation can undoubtedly impact the spread of 
pathogens, but it is unclear whether or not this is due to: (1) 
organisms' lags in adapting their chemically and physiologic 
responses to heat shift, (2) TPCs' typical nonlinearity and 
asymmetry, (3) Jensen's disparities, which causes instance-
averaged charge in random thermal environment to differ 
from rates in constant circumstances, or (4) an amalgamation 
of those variables [26]. Research is required to determine how 
linear averaged among TPCs measured at set temperatures 
models and the spread of parasites in habitats with changes 
in temperature. In addition, variations in the environment 
cause a decline in intra-daily volatility and a rise in inter-
daily volatility. It is unclear, whether the type of pathogen 
influences those trends, how easily predicted the variation is, 
what temperature deviation timeframes prove most important 
and how these impact propagation [27]. In line with MTE, a 
recent meta-analysis found a negative relationship between 
body size, temperate breadths, and adaptation rates. Therefore, 
it is important to assess in future research if MTE can forecast 
the spread of parasites in both steady and variable contexts.
Infection results are predicted by host and pathogen 
temperature mismatch.

The Thermal Mismatch Hypothesis (TMH) states that 
parasites and hosts have distinct optimal fitness points at various 
laboratory temperatures. Empirical data supports this notion 
that temperature variations considerably affect infection rates 
between them (Figure 4). TMH shows a dynamic host-parasite 
biological dynamics-temperature interaction, improving our 
knowledge of laboratory infection outcomes. This paradigm 
emphasizes the relevance of environmental conditions in host-
pathogen dynamics by showing that host-parasite fitness is 
temperature-dependent.

The TMH implies that parasites outperform hosts in unusual 
environmental settings, as seen in Figure 5. This contradicts 
the idea that parasites thrive alone. Parasites outnumber their 
native hosts in certain conditions, according to TMH. Instead 
of ideal settings, parasites are most abundant at limits when 
hosts' adaptation to changing environment is outcompeted. This 
complex view challenges standard knowledge by emphasizing 
host-parasite interactions in shifting ecological situations.

TMH develops crucial ideas. First, infection groups need 
a minimum number of members to flourish, suggesting 
some illnesses need a necessary host quantity to multiply 
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Figure 3. Research on environmental variability's impact on diseases 
dynamics.

Figure 4. Climatic differences impact host–parasite interactions.

Figure 5. Performance in Isolation.

and spread. Second, TMH implies parasites may grow at 
different temperatures than hosts. Parasites and hosts have 
different temperature adaptations (Figure 6). These notions 
form a complete foundation for studying host-parasite thermal 
dynamics using TMH.

Cold-acclimated animals' thermal performance curves (TPCs) 
are unaffected by pharmacologic limitations. Note that TPC 
predictions are independent of parasite and host heat sensitivity. 

Figure 6. Performance in Temperature.

Figure 7A. Predicated Parasite.

Figure 7B. Predicated Parasite.
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The (TMH) posits that hosts used to hot and cold climes are more 
susceptible to infections at extreme temperatures. Figure 7(a,b) 
shows how TMH says extreme circumstances allow parasites 
to outcompete hosts. Climate change is expected to make hosts 
from colder locations more susceptible to sickness than those 
from warmer climes, illustrating the complex relationship 
between temperature, host adaptation, and disease processes.

The TMH's predictions, which suggest that hosts adapted 
to warmer and cooler temperatures should experience peaks 
in their respective thermal ranges, have garnered substantial 
support from multiple sources [30]. In addition, when compared 
to Bd growth in controlled environments, factors such as 
temperature variability, mean climate, climate change, or the 
spread and introduction of Bd, the TMH framework identified 
over 66 instances of decline in the Atelopus genus, linked to 
Bd. Furthermore, a global assessment demonstrated that larger, 
widely dispersed hosts of conservation concern, situated at 
higher altitudes and lower latitudes, were more susceptible to 
Bd following temperature mismatches. These findings furnish 
supplementary evidence indicating the potential impact of 
temperature mismatches on amphibian declines.

While it is true that variations in the TPCs of both hosts and 
fleas can effect in non linear interactions among hosts and 
parasites when temperatures change, TMH is valuable because 
it takes into account regional adaptation, which is based on the 
fundamentals of MTE and integrates the TPCs of the host as 
well as parasite without requiring the quantification of TPCs 
for every trait that is dependent on temperature on each [31]. 
Combining readily available field surveys of illnesses across 
temperature ranges with local meteorological and weather 
information makes testing it simple. In comparison to previous 
models, it provides more precise forecasts for the relationships 
between diseases and climate change. It makes forecasts for 
host populations, species and geographic locations that can 
see the biggest changes in illness due to climate change [32]. 
It suggests that cool-adapted ones will be more vulnerable 
to infection then warm-adapted ones. Inconsistencies in the 
phonology of hosts and parasites can result from differences in 
their thermal performance. The TMH has been found to have 
supports in 2,021 host-parasite pairings and 7,346 populations 
of wildlife. Yet, the degree of support varied depending on 
the pathogen taxon and it was higher for active hosts than 
endothermic hosts. In the future, the hypothesis of potential 
shifts in the geographic distribution of infectious diseases and a 
probable global rise in illnesses is bolstered by both statistical 
models and climate change forecasts [33]. The findings point to 
a notable increase in the risk of diseases among wildlife hosts in 
temperate and tropical zones, coupled with a moderate decline. 
This observation suggests that climate change might disrupt 
the timing of interactions between hosts and parasites. For 
instance, the extent of mismatch in timing between trematodes 
and hosts influenced the behavioural resistance and tolerance to 
these infections, resulting in either positive or negative effects. 
The disturbances in the timing of host-parasite relationships 
due to climate change were linked to reduced parasitic loads in 
sheep [34]. The temperature increase of 3˚C led to a significant 
shift in phenology, resulting in a 50% decrease in trematode 
burdens and a 67% reduction in disease incidence, even though 

the overall infection rate remained consistent across different 
temperature treatments. These findings propose that the interplay 
between host and pathogen, including host defences, parasitic 
transmission, disease manifestation and host mortality, might be 
impacted by the level of phenological alignment between hosts 
and pathogens [35].
TMH applies to human diseases.

TMH's efficacy in treating human illnesses has not been tested 
[36]. There remains uncertainty regarding its applicability to 
human diseases, as endothermic human hosts provide stronger 
support for TMH compared to exothermic hosts. Human 
populations exhibit diverse disease control strategies [37]. 
Furthermore, it appears plausible that the same fundamental 
ideas that enable parasites to have wider temperature ranges 
than hosts can enable parasites to have wider ranges for 
other climatic elements, such as moisture [38]. The relative 
significance for temperature in relation to other transmitting 
chauffeurs, such as rain, is unknown [39]. This is crucial in 
light of a recent meta-analysis that found positive correlations 
between diarrheal illnesses and severe rainfall and flooding, as 
well as evidence that temperature and moisture might combine 
to worsen epizootic illness [40].
Dose of parasites and infection of the host.

Microphallus eggs infect the snail from the inside after 
hatching in the snail's gut, spreading to the gonad, and digesting 
duct. Upon organization, the parasite undergoes a phase of 
asexual reproduction, supplanting a significant portion of the 
host's reproductive tissue with digestive gland. Table 1 exhibits 
the results of an experiment concerning reciprocal infection.

According to Table 2, the projected figures for the delayed 
samples .86·0.03, while the early samples exhibit an asymptotic 
behaviour was. “89±0.02 (denote±1 S.E.). For the Alexandrina 
hosts, the average estimate of the equilibrium was less 
than one. (88±0.02; Table 2). According to these findings, 
sympatric parasite resistance was present in about 12±0.04% 
(1×Asymptote±2S.E.) of the shells in the Alexandrina sample.

In the nonlinear model, the coefficient square was short (.25, 
Table 2) and no parameter estimations were different from zero. 
The estimation value for the quadratic model asymptotic was 
.16±0.42 (1 S.E.). Linear replica, frequency was linked towards 
dosage (b=.001, F=6.30, D.F.=,19, P=.02), although square 
(.25) was identical as in the quadratic.

The asymptote 
differs between 
allopatric and 
sympatric 
populations

Compared to sympatric rates

Greater Less Equal

Superior MA MA quantity-
needy MA

Identical MA, quantity-
needy

LA, quantity-
needy -

Fewer LA or MA, 
dose-needy LA LA

Table 1. Result of a mutual infection.



191

Conclusion.
Despite significant advancements in our comprehension of 

the relationships between diseases and climate change, there 
are significant gaps in the research. The intertwining nature 
of mechanistic disease theories, climate dynamics and host-
parasite adaptations elucidate a complex web of interactions 
that impact the health of ecosystems and organisms. By 
understanding the mechanistic underpinnings of diseases, such 
as the intricate cellular and molecular processes involved, we 
gain insights into potential intervention points for treatment and 
prevention strategies. It should be possible to more accurately 
predict how changes to climatic means, variations and extremes 
would impact illnesses for both humans and wildlife by filling 
in these urgent information gaps and incorporating new findings 
into climate-disease models. The integration of mechanistic 
disease theories, climate dynamics and host-parasite adaptations 
provide a holistic framework for comprehending and 
addressing the complexities of disease dynamics. By embracing 
interdisciplinary collaborations and leveraging advancements in 
technology and research, we can strive to mitigate the impacts 
of diseases, foster ecological resilience, and promote global 
health and well-being.
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