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Microsporidia are obligate intracellular parasites that predominantly cause chronic 

infections in their hosts, relying entirely on host cells for development and 

reproduction. Among entomopathogenic microsporidia, climatic variables such as 

temperature and humidity are pivotal in influencing infection dynamics. This study 

focuses on Nosema canburensis, a microsporidian pathogen of the Italian striped 

bug, Graphosoma italicum, a pest species that adversely affects Apiaceae crops. 

Field studies conducted between June and September from 2022 to 2024 in 

Trabzon Province, Türkiye, documented the prevalence of N. canburensis within 

populations of G. italicum. Microscopic analyses identified infection rates, with 

Ortahisar district showing significantly higher prevalence (16.67%) compared to 

Beşikdüzü (0%). Microscopic findings were supported by molecular confirmation 

via SSU rRNA-based PCR. The highest infection rate (22.5%) was recorded in 

2023, while the lowest was observed in 2022 (13.33%). Seasonal fluctuations 

revealed peak infection rates in July and the lowest in September, consistently over 

three years. Statistical analyses indicated a significant positive correlation between 

temperature and microsporidiosis prevalence (r = 0.462, P < 0.05) and a weak 

negative correlation with humidity (r = -0.077, P > 0.05). The findings highlight 

the critical role of climatic factors in shaping microsporidiosis outbreaks and 

emphasize the potential of N. canburensis as a natural regulatory factor in pest 

insect management. Future research should focus on elucidating the environmental 

and biological interactions influencing the epidemiology of entomopathogenic 

microsporidia. 
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1. INTRODUCTION 

Microsporidia, which are single-celled obligate intracellular pathogenic organisms, predominantly cause 

chronic infections rather than acute ones [1]. These microorganisms rely entirely on their host cells for 

development and reproduction. Consequently, any factors influencing the host organism—either directly 

or indirectly—also impact the microsporidia. This is particularly evident in the case of 

entomopathogenic microsporidia, which are significantly affected by both biotic and abiotic elements. 

Among these, abiotic factors, especially climatic conditions, play a critical role in regulating the 

metabolic processes of insects, including their growth and development [2, 3]. For example, a rise in 

temperature correlates with heightened insect activity, which in turn accelerates metabolic rates, a key 

factor contributing to insect growth [4]. Therefore, this concrete reality causes monthly and yearly 

fluctuations in the rates of microsporidiosis in insects. 

Microsporidia, as obligate intracellular parasites, predominantly induce sublethal effects in their insect 

hosts, including reduced fitness, diminished fertility, and shortened lifespan [3, 5]. In the context of 

insect control strategies, microsporidia are often regarded as significant natural antagonists of various 

pest insects. However, perspectives on their efficacy in biological control remain divided. For instance, 

https://doi.org/10.17798/bitlisfen.1784283
mailto:cagribekircan@hotmail.com
https://www.beu.edu.tr/
https://dergipark.org.tr/en/pub/bitlisfen
https://orcid.org/0000-0002-5968-7359
https://orcid.org/0000-0002-6763-5671
https://orcid.org/0000-0002-6072-5543


Ç. Bekircan, O. Tosun, H. Yıldırım / BEU Fen Bilimleri Dergisi 15(1), 169-176, (2026) 

 

170 

while some researchers argue that microsporidia lack sufficient potential for practical application in 

biological control programs, others highlight their utility in inoculative release strategies [6, 7]. 

Nevertheless, recent studies consistently demonstrate the suppressive impact of microsporidia on pest 

insect population dynamics. [8, 9]. These findings underscore the potential of microsporidia as a viable 

component of integrated pest management strategies. To optimize their application, it is crucial to 

thoroughly analyze factors influencing microsporidiosis in pest insects. Special attention should be 

directed toward climatic and environmental conditions, as these are pivotal in shaping the dynamics of 

insect disease outbreaks [10-12]. 

Nosema canburensis Bekircan, Tosun & Yıldırım, 2025 is a natural microsporidian pathogen of the 

Italian striped bug, Graphosoma italicum Müller (Hemiptera: Pentatomidae), commonly referred to as 

the minstrel bug [13]. These insects have been observed on various plant species, with a strong 

preference for members of the Apiaceae family, such as parsley and fennel [14, 15]. G. italicum and 

other species within the same genus inflict damage on the reproductive organs and seeds of their host 

plants, consequently reducing both the quality and yield of the seeds. Certain species are classified as 

pests due to the detrimental effects they exert on cultivated Apiaceae crops by feeding on their generative 

organs, which significantly impacts seed productivity and quality [16]. 

The present study aimed to investigate the distribution and prevalence of N. canburensis across various 

populations of G. italicum. This research sought to provide new insights into the potential role of N. 

canburensis as a natural suppressive factor influencing G. italicum populations. Furthermore, the study 

examined whether a correlation exists between N. canburensis infection rates and specific months. 

2. MATERIAL AND METHOD 

2.1. Sample Collections and Laboratory Studies 

Adult specimens of Graphosoma italicum were collected from various locations cultivating parsley 

within the Ortahisar and Beşikdüzü districts of Trabzon province (Türkiye) during the period from June 

to September in 2022 and 2024. Identification of G. italicum was based on morphological features such 

as dorsal coloration, pronotal and scutellar stripe patterns, and antennal segmentation. Taxonomic 

confirmation followed standard keys [17]. The live samples were carefully transported to the laboratory 

using sterile plastic containers. The samples were dissected in Ringer's solution, and the dissected tissues 

were smeared onto microscopic slides. The slides were then examined under a Nikon Eclipse Ci light 

microscope equipped with a DS-Fi 2 digital camera at 400× magnification to identify the spore structure 

of N. canburensis [13]. All dissection data were systematically recorded for subsequent statistical 

analyses. Moreover, temperature and humidity data from the sampling sites were recorded using Trotec 

BL30 Data Loggers. 

In addition, genomic DNA (gDNA) was extracted from ethanol-preserved infected tissue samples using 

the QIAGEN DNA Isolation Kit (Cat. No. 69504). Prior to extraction, the samples were rinsed three 

times with distilled water to eliminate residual ethanol and impurities. The washed tissues were then 

transferred to a sterile Eppendorf tube and mechanically homogenized using a micropestle. To facilitate 

disruption of the microsporidian spore wall, 0.5 mL of 0.5% hydrogen peroxide (H₂O₂) was added to 

the homogenized sample and incubated at room temperature for 30 minutes. Subsequent DNA isolation 

steps were performed following the manufacturer's protocol [13]. 

Following extraction, amplification of the target gene region—small subunit ribosomal RNA (SSU 

rRNA)—was carried out using the QIAGEN Multiplex PCR Kit (Cat. No. 206143). For initial screening 

of microsporidian infection, SSU rRNA-specific primers (18f and 1537r) were employed. The primer 

sequences were as follows: 

18f: 5’-CAC CAG GTT GAT TCT GCC-3’ 

1537r: 5’-TTA TGA TCC TGC TAA TGG TTC-3’ 

PCR amplicons were resolved via electrophoresis on 1.5% agarose gels, subsequently stained with 

ethidium bromide for nucleic acid visualization, and imaged using a UV transilluminator. 
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2.2. Statistical Analysis  

The Kolmogorov-Smirnov test was employed to assess the normality of the data sets and the statistical 

analysis of the collected data was performed through descriptive analysis, Spearman's rank correlation 

analysis utilizing the SPSS software version 23.0.0.0. [18, 19]. 

3. RESULTS AND DISCUSSION  

3.1. Microsporidiosis Rates  

Field studies conducted between June and September in the years 2022 to 2024 documented the 

collection of 570 adult individuals of G. italicum from the Beşikdüzü and Ortahisar districts of Trabzon 

province (Figure 1) (Table 1). 

 

Figure 1. Adult of Graphosoma italicum Müller (Hemiptera: Pentatomidae) 

Microsporidiosis was exclusively observed in samples taken from Ortahisar (Figure 2). All of the 

samples that were found to be positive by microscopic examination were also found to be positive by 

the PCR technique. 

 

Figure 2. Light micrographs of the Nosema canburensis spores in the mid-gut of the Graphosoma 

italicum, 1000X magnification. 
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Following agarose gel electrophoresis and staining of the obtained products with ethidium bromide, 4 

amplicons exhibited a length of 1000–1500 bp, which corresponds to N. canburensis (Figure 3). Field 

sampling was designed based on the presence of host insects and site accessibility within the region. 

However, due to the limited number of sampling events, it is not appropriate to generalize the infection 

prevalence across the entire province. 

 

Figure 3. PCR amplification of genomic DNA extracted from Nosema canburensis (Nc) using 

microsporidian SSU rRNA-specific primers (18f/1537r). Amplicons are visible in lanes 1–4. Lane C 

corresponds to the negative control. 

The average infection rate across all sites was determined to be 7.45%, with Ortahisar exhibiting a 

significantly higher rate of 16.67%. Notably, the highest infection rate was recorded in July 2023, 

whereas the lowest rate was observed in September 2022. Analyzing the data on an annual basis revealed 

that the year 2023 had the highest infection rate at 22.5%, in contrast to 2022, which exhibited the lowest 

rate of 13.33% (Figure 4). Moreover, September was consistently identified as the period with the lowest 

infection rates throughout the three-year duration of the study (Table 1). It is particularly noteworthy 

that, in all three years, July was the month with peak infection rates. Based on the monthly averages 

calculated over a three-year period, the mean infection rate was determined to be 30% in July and 6.78% 

in September. In the other months, the average rates were recorded as 9.54% in June and 22.45% in 

August. 

 

Figure 4. Microsporidiosis rates according to months and years 
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An evaluation of the statistical relationship between microsporidiosis rates and months revealed a weak 

negative correlation; however, this relationship was found to be statistically non-significant (r = -0.257, 

P > 0.05).  

The detection of the infection exclusively in Ortahisar suggests that specific environmental or 

population-level conditions may be conducive to its transmission. Potential contributing factors include 

the distribution of infected carrier individuals, host density, environmental stressors, and the influence 

of microhabitat characteristics. Testing these hypotheses falls within the scope of advanced 

epidemiological investigations. 

Table 1. Prevalence of microsporidiosis in Graphosoma italicum and climatic parameters. 

 
Locality Date Sample Infected 

Infection 

rate (%) 

Temperature  

(οC) 

Humidity 

(%) 

T
R

A
B

Z
O

N
 

Beşikdüzü 

11.06.2022 30 0 0 23.0 72.6 

16.07.2022 22 0 0 26.3 58.9 

13.08.2022 28 0 0 26.8 76.5 

10.09.2022 20 0 0 24.5 73.2 

10.06.2023 22 0 0 22.9 79.2 

8.07.2023 25 0 0 25.1 75.6 

12.08.2023 32 0 0 26.8 76.4 

10.09.2023 21 0 0 24.5 78.2 

10.06.2024 20 0 0 23.0 68.5 

8.07.2024 22 0 0 26.2 71.9 

12.08.2024 32 0 0 27.0 70.3 

16.09.2024 26 0 0 24.2 73.5 

Ortahisar 

11.06.2022 17 1 5.88 18.0 74.2 

16.07.2022 20 5 25.00 24.0 70.9 

13.08.2022 24 5 20.83 23.8 74.7 

10.09.2022 29 1 3.45 22.9 72.8 

10.06.2023 22 2 9.09 20.0 82.0 

8.07.2023 18 7 38.89 22.6 73.7 

12.08.2023 25 7 28.00 24.0 74.3 

10.09.2023 15 2 13.33 22.8 77.3 

10.06.2024 22 3 13.64 21.0 68.9 

8.07.2024 23 6 26.09 24.8 72.7 

12.08.2024 27 5 18.52 24.2 69.4 

16.09.2024 28 1 3.57 23.0 72.3 

 Total 570 45 7.89   

3.2. Association Between Climatic Factors and Microsporidiosis  

Statistical analyses revealed a significant relationship between climatic factors (temperature and 

humidity) and the prevalence of microsporidiosis in G. italicum. The correlation coefficient indicated a 

positive relationship between temperature and microsporidiosis prevalence (r = 0.462, P < 0.05). 

Conversely, humidity exhibited a weak negative effect on the prevalence of microsporidiosis (r = -0.077, 

P > 0.05). Given this weak correlation coefficient, partial correlation analysis was conducted to validate 

whether humidity influences microsporidiosis and temperature variables. The results confirmed that 

humidity does indeed have an effect on these variables (r = 0.456). 

This research aimed to evaluate the monthly prevalence of microsporidiosis caused by Nosema 

canburensis in G. italicum and to determine the climatic conditions that promote the disease's 
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development. The analysis conducted in this study identified a positive correlation between temperature 

and N. canburensis infection, a finding consistent with previous research. Temperature is recognized as 

a critical factor influencing the spread and persistence of microsporidiosis [2, 20, 21]. However, the role 

of temperature varies across microsporidia species. For instance, high temperatures promote spore 

formation and development in Nosema lymantria, whereas Nosema pyrausta exhibits no significant 

temperature dependency, with even lower temperatures fostering its development [22, 23]. A study by 

Bekircan et al. [2] further demonstrated that temperature serves as the primary climatic determinant for 

Rugispora istanbulensis, responsible for infections in the elm leaf beetle, Xanthogaleruca luteola Müller 

(Coleoptera: Chrysomelidae). Beyond this direct impact, temperature notably influences insect feeding 

behavior, with higher temperatures resulting in increased feeding activity [24]. Consequently, elevated 

feeding rates during warmer periods enhance horizontal transmission of microsporidia, leading to 

greater intensity and prevalence of microsporidiosis within insect populations. These findings align with 

the present study, which identified temperature as the primary factor driving microsporidiosis rates. 

Conversely, humidity, the second climatic variable investigated, exhibited a negative correlation with 

microsporidiosis prevalence, contrasting with findings from similar studies. For example, research by 

Rahmathulla et al. on silkworms (Bombyx mori L.) revealed that peak infection rates coincided with 

periods of maximum humidity [25]. Although this study identified a positive correlation between 

temperature and the rate of microsporidiosis, it is evident that temperature is not the sole determinant of 

infection rates. This conclusion is supported by the observation that the temperature (22.6 οC) in July 

2023, when the highest infection rate (38.89%) was recorded, was lower than the temperature (24 οC) 

in August of the same year. 

The findings of this study suggest that different climatic factors and variables may play a significant 

role in determining the severity of Nosema canburensis infections. Although such variables were not 

initially considered during the data collection phase, subsequent statistical analyses have underscored 

the importance of integrating climatic variables, particularly precipitation, in similar studies. 

Precipitation has been identified as a critical factor in the transmission of microsporidiosis among insect 

populations [26]. Feces of infected insects contain a large number of environmental microsporidian 

spores and contribute to horizontal transmission [27]. Raindrops facilitate the adhesion of fecal particles, 

leading to increased environmental contamination [28]. Furthermore, precipitation can effectively 

transport spores across different locations, thereby intensifying the prevalence and severity of 

microsporidiosis within insect populations. Apart from these, there are studies in the literature that 

declare that precipitation is the second climatic variable affecting the rate of microsporidiosis after 

temperature [2]. 

4. CONCLUSION AND SUGGESTIONS  

This study elucidates the seasonal dynamics of Nosema canburensis infection in Graphosoma italicum 

populations, highlighting the pathogen’s potential role as a natural regulatory agent in pest management. 

The observed peak infection rates during warmer months and the absence of infection in Beşikdüzü 

underscore the influence of localized climatic and ecological conditions on microsporidiosis prevalence. 

These findings support the hypothesis that temperature is a primary driver of infection intensity, while 

humidity exerts a more variable effect. Future research should prioritize long-term, multi-regional 

surveillance to better understand the epidemiological patterns of N. canburensis. Additionally, 

investigations into host-pathogen interactions at the physiological level, as well as the integration of 

molecular diagnostics into monitoring protocols, are recommended to enhance early detection and 

inform sustainable biocontrol strategies within integrated pest management frameworks. 
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