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Abstract 
Honey bees are one of the most important beneficial insects having role in the crop improvement. It is 

affected by various calamities like pest and pathogens. The sacbrood virus (AcSBV) is a serious disease 

infecting A. cerana indica causing colony loss throughout the nation and south India in particular. 

Experiment was conducted on the efficacy of plant products showed that provision of 2 g of Phyllanthus 

niruri L. extract in 250ml sugar solution combined with modified shook swarm method recorded the 

lowest number of infected larvae per thousand brood cells after third round of treatment at 4 days interval 

and prevented absconding of colonies. This treatment was followed by treatments with extracts of Ficus 

religiosa L., Carica papaya L. and Azadirachta indica L. With the supplementary sugar feeding, there 

was an increase in the adult population in the honey bee colonies that recovered from the disease. 

Overall, it could be concluded that, honey bee colonies fed with 2g of P. niruri in 250ml sugar solution 

combined with modified shook swarm method was effective for both the recovery of disease and increase 

in brood rearing and adult population.   
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1. Introduction 
Honey bees, economically important insect and considered to be good pollinator. They are 

usually affected by virus, fungi, protozoa and other insect pests. Among them, the sacbrood 

virus (AcSBV) is a serious problem in A. cerana indica which leads to heavy loss to bee 

keepers throughout India. It was highly virulent in north eastern and northern India, being 

responsible for heavy losses to beekeeping killing over 95 percent of A. cerana colonies [1- 3]. 

In Mahabaleshwar, this virus infected the brood of A. cerana and caused destruction of 21 

colonies out of a total of 44 colonies in summer of 2008. Among all viral honey bee diseases, 

17.6 percent of diseased bees were reported to be infected with SBV in Korea in 2009 [4]. 

In Kerala, the catastrophic outbreak of SBV disease resulted in the destruction of more than 90 

percent of the then existing bee colonies causing a drastic drop in honey production during 

1991-92 [5]. At present the disease infects 5 to 30% of the colonies in Tamil Nadu [6]. Several 

methods have been developed, such as electron microscopy [7] (Break et al., 1963), Reverse 

Transcriptase Polymerase Chain Reaction (RT-PCR) [8, 9] and Reverse Transcriptase Loop 

Mediated Isothermal Amplification RT-LAMP [10, 11] for the diagnosis of the viruses. Very 

little work was done on the management of the SBV. Since then the management has been 

very challenging to the researchers as the causal organism is a virus and no curative measure 

works well to contain the disease during an outbreak. With this background, the present study 

was conducted on the management of sacbrood virus infecting honey bees using plant extracts. 

 

2. Materials and methods 

Aqueous extracts were prepared with different parts of plants namely Phyllanthus niruri L., 

Azadirachta indica L., Ficus religiosa L. and Carica papaya L. as mentioned in Table 1. The 

samples were crushed in a grinder for complete herbal extraction from the sample. Two grams 

of the plant part was added to 250 ml of water and the sample was boiled for 10 minutes to 

obtain aqueous extract. About 250 grams of sugar was added to it and allowed for further 

boiling. This final solution was fed to one colony by pouring in a glass bottle, covering with a 

two-layer muslin cloth, securing with rubber band and providing to honey bees in inverted 

manner inside the hive. Three rounds of such treatments were given at four days interval. 

Shook swarm method that is generally recommended for brood disease management involves 

shaking the bees to a fresh hive leaving behind all the combs of infected honey bee colony in  
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the old hive. In this study, we modified the shook swarm 

method in order to decrease the probability of deserting by 

honey bees which is one of the fallouts of the shook swarm 

method. In the modified shook swarm method, the brood 

comb infected by honey bees alone were removed (instead of 

removing all the combs) and in its place fresh brood combs 

from healthy hives provided. In T5 the modified shook swarm 

method was combined with P. niruri treatment which was 

based on the promise shown by these treatments in 

preliminary experiments (data not shown). Twenty four honey 

bee colonies showing typical virus symptoms were selected 

and four colonies per treatment were used as replication. Four 

more healthy colonies were selected and used as healthy 

control. 

 
Table 1: Plant products used for the management of sacbrood virus of A.cerana indica 

 

Treatment No. Plant Part of plant used 
Dose 

(in grams /250 ml provided with sugar solution) 

T1 Phyllanthus niruri Hook (Keezhanelli) Matured whole plant 2.0 

T2 Azadirachta indica A.Juss (Neem) Bark 2.0 

T3 Ficus religiosa L. (Peepal) Roots 2.0 

T4 Carica papaya L.(Papaya) Leaves 2.0 

T5 Modified shook swarm method with P. niruri Matured whole plant 2.0 

T6 Untreated diseased control - - 

T7 Untreated healthy control - - 

 

Data were recorded on the number of infected larvae per 1000 

brood cells prior to treatment and four days after each 

treatment and the adult population per colony and total brood 

cells per 1000 cells were recorded on 15, 30 and 60 days after 

third treatment (DAIIIT). The adult bee population was 

arrived using the following formula. 

Total number of bees in a colony = (No. of brood frames 

covered by bees × 1000) + (No.of super frames covered by 

bees x 750). The adult population was expressed in 1000s. 

 

3. Results 

3.1 Effect of antiviral plant extracts on AcSBV infected 

larvae per 1000 brood cells  

The effect of different herbal extracts at 2 gm / 250 ml sugar 

solution provided thrice at 4 days interval was studied on 

virus infected honey bee colonies in terms of number of 

infected larvae per 1000 cells at 4 days interval. The adult bee 

population and brood development was studied in the 

surviving colonies on 15, 30 and 60 days after third treatment 

(DAIIIT).  

It was observed that, the number of infected larvae per 1000 

brood cells before imposing treatments ranged from 30.3 to 

35.3 and was statistically on par. On the fourth day after third 

round of treatment, the number of infected larvae per 

thousand brood cells was lowest (18.5) in the colonies 

managed by modified shook swarm method and combined 

with provision of 2g of P. niruri extract in 250ml sugar 

solution. The least effective treatment was A. indica (58.1 

larvae/1000 brood cells). In the untreated diseased check all 

the four colonies absconded due to the severity of the disease 

(Table 2). Similar trend was observed with respect to other 

days of observation namely 4 DA IT and 4 DAII T. 

 

3.2 Effect of antiviral agents on adult bee population of 

Indian honey bees 

The adult bee population on 60 DAIIIT was highest (8.8 

thousand/ colony) in the colonies managed by modified shook 

swarm method combined with provision of P. niruri extract in 

sugar solution. The least effective treatment was A. indica 

(5.4 thousand/ colony). In the untreated diseased check, all the 

four colonies absconded due to the severity of the disease 

(Table 3). Similar trend was observed with respect to other 

days of observation namely 15 and 30 DAIII T. 

 

3.3 Effect of herbal plants on brood rearing in Indian 

honey bees 

The total number of brood cells (which is an indicator of 

colony growth) on 60 DAIIIT was highest (5197.50 per 

colony) in the colonies managed by modified shook swarm 

method combined with provision of P. niruri extract in sugar 

solution. 

The least effective treatment was A. indica (2898.0 per 

colony). Other treatments namely C. papaya and F. religiosa 

at 2g / 250 ml were also effective. In the untreated diseased 

check all the four colonies absconded due to the severity of 

the disease (Table 4).  

In the untreated healthy check, 4315.50 brood cells per colony 

was recorded. Similar trend was observed with respect to 

other days of observation namely 15 and 30 DAIII T. 

 

4. Discussion 

In order to study the antiviral effects of plant extracts on the 

infection caused by AcSBV, medicinally important plants 

possessing various phytochemicals that can act on viruses 

were used for the preparation of extracts and were tested on 

honey bee colonies infected with the virus. 

It was observed that the honey bee colonies managed by 

modified shook swarm method combined with provision of 2 

g of P. niruri extract in 250ml sugar solution recorded the 

lowest number of infected larvae per thousand brood cells on 

the fourth day after third round of treatment which was 50 to 

60 percent lower than the diseased control. The least effective 

treatment was A. indica (Fig. 1). The adult population as well 

as the total brood cells on 60 DAIIIT which are indicators of 

colony growth was highest in the colonies managed by 

modified shook swarm method combined with provision of 2 

g of P. niruri extract in sugar solution (Fig. 2). The least 

effective treatment was A. indica. In the untreated diseased 

check all the four colonies absconded due to the severity of 

the disease.  

Earlier studies have indicated that P. niruri and A. indica were 

used for the management of AcSBV [12, 13] while F. religiosa 

and A. indica by different scientists [14]. They have reported 

effective control over the disease. The phytochemicals present 

in the herbal extracts can be the reason for the effectiveness 

against the virus. Many plants contain ribosome-inactivating 

proteins (RIPs) that alter ribosomal function in the infected 

cell and inhibit viral protein synthesis [15]. The active 

phytochemicals, flavonoids, alkaloids, terpenoids, lignans, 

polyphenols, tannins, coumarins and saponins, identified from 

various parts of P. niruri and its extracts have been proved to 

have therapeutic effects in many clinical studies [16]. Bark of 

peepal tree contains tannins, saponin, flavonoids, steroids, 

cardiac glycosides and terpenoids are biologically active 
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against virus particles [17-19]. Quercetin has been reported to be 

the most abundant and active flavonol [20]. Literature on the 

qualitative phytochemical analysis of papaya leaves revealed 

the presence of all the phytochemical including glycosides, 

alkaloids, saponins, flavonoids, proteins except steroids and 

tannins in the leaf of papaya [21-23].  
 

Table 2: Antiviral effect of plant extracts on AcSBV management - number of infected larvae /1000 brood cells 
 

Treatment 
Dose 

(g/250 ml) 

Number of cells with infected larvae per 1000 brood cells* Percent decrease from 

diseased control 0 DAT 4 DA IT 4 DAII T 4 DAIII T MEAN 

P. niruri 2.0 
30.3 

(5.64) 

48.3 

(6.98) b 

62.8 

(7.95) b 

28.3 

(5.36) b 

42.4 

(6.46) b 
40.0 

A. indica 2.0 
32.3 

(5.72) 

60.5 

(7.81) c 

88.3 

(9.42) e 

51.5 

(7.21) e 

58.1 

(7.62) e 
17.7 

C. papaya 2.0 
35.3 

(5.98) 

58.8 

(7.70) c 

73.0 

(8.57) d 

35.5 

(6.00) d 

50.6 

(7.06) d 
28.3 

F. religiosa 2.0 
31.5 

(5.65) 

47.3 

(6.91) b 

68.8 

(8.32) c 

31.5 

(5.66) c 

44.8 

(6.74) c 
36.6 

Modified Shook swarm 

method with P. niruri 
2.0 

35.3 

(5.98) 

38.3 

(6.22) a 

43.5 

(6.63) a 

18.5 

(4.36) a 

33.9 

(5.80) a 
52.0 

Untreated diseased check - 
34.5 

(5.92) 

64.0 

(8.03) d 

92.0 

(9.62) f 

92.0** 

(9.62) 

70.6 

(8.30) 
0.0 

Untreated Healthy check - 
0.0 

(0.71) 

0.0 

(0.71) 

0.0 

(0.71) 

0.0 

(0.71) 

0.0 

(0.71) 
100.0 

Mean - 
23.7 

(4.92) A 

37.7 

(6.18) C 

51.0 

(7.18) D 

30.6 

(5.58) B 
  

CD (0.05) T 

CD (0.05) P 

CD (0.05) T x P 

 

0.10 

0.08 

0.19 

No. of days after first round of treatment (DAT), days after second round (DAIIT), days after third round (DAIIIT); antiviral treatments given on 

0,4 and 8 days 

*Mean of four honeybee colonies. In a column, means followed by a common alphabet are not significantly different by LSD (p= 0.05); in a 

row, means followed by a common uppercase alphabet are not significantly different by LSD (p= 0.05) 

**Colonies absconded 

 

 
 

 
T1 P. niruri 

T2 A. indica 

T3 C. papaya 

T4 F. religiosa 

T5 Modified Shook swarm method with P. niruri 

T6 Untreated diseased check 

T7 Healthy check 
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Table 3: Antiviral effect of plant extracts on AcSBV management - adult bee population / colony 
 

Treatment Dose (g/250 ml) 
Adult population (X103) 

0 DAIIIT 15 DA III T 30 DA III T 60 DA III T MEAN 

P. niruri 2.0 
7.2 

(2.77) b 

7.2 

(2.79) bc 

7.5 

(2.82) b 

8.1 

(2.94) b 

7.5 

(2.83) b 

A. indica 2.0 
5.2 

(2.40) e 

5.4 

(2.44) e 

5.4 

(2.43) d 

5.4 

(2.44) e 

5.4 

(2.42) e 

C. papaya 2.0 
6.6 

(2.67) d 

7.0 

(2.74) d 

7.1 

(2.76) c 

7.2 

(2.78) d 

7.0 

(2.74) d 

F. religiosa 2.0 
6.8 

(2.70) c 

7.0 

(2.75) cd 

7.3 

(2.80) b 

7.8 

(2.88) c 

7.2 

(2.78) c 

Modified Shook swarm method 

with P. niruri 
2.0 

8.1 

(2.94) a 

8.5 

(3.00) a 

8.9 

(3.07) a 

9.5 

(3.17) a 

8.8 

(3.04) a 

Untreated diseased check** - 
0.0 

(0.71) f 

0.0 

(0.71) f 

0.0 

(0.71) e 

0.0 

(0.71) f 

0.0 

(0.71) f 

Untreated Healthy check - 
7.1 

(2.75) b 

7.3 

(2.80) b 

7.5 

(2.82) b 

8.0 

(2.92) bc 

7.5 

(2.82) b 

Mean - 
4.9 

(2.31) D 

5.1 

(2.36) C 

5.2 

(2.39) B 

5.5 

(2.45) A 
 

CD (0.05) T 

CD (0.05) P 

CD (0.05) T x P 

 

0.02 

0.02 

0.04 

No. of days after third round of treatment (DAIIIT); antiviral treatments given on 0,4 and 8 days 

*Mean of four honeybee colonies. In a column, means followed by a common alphabet are not significantly different by LSD (p= 0.05); in a 

row, means followed by a common uppercase alphabet are not significantly different by LSD (p= 0.05) 

**Colonies absconded 

 

Table 4: Antiviral effect of plant extracts on AcSBV management - number of brood cells / colony 
 

Treatment Dose (g/250 ml) 

Total number of brood cells 

0  

DAT 

15  

DA III T 

30  

DA III T 

60  

DA III T 
MEAN 

P. niruri 2.0 
4032 

(63.45) b 

3906 

(62.49) bc 

4347 

(65.92) b 

5292 

(72.75) b 

4394.25 

(66.15) b 

A. indica 2.0 
2646 

(51.41) d 

2709 

(52.04) d 

2961 

(54.24) c 

3276 

(57.24) d 

2898.00 

(53.73) d 

C. papaya 2.0 
3591 

(59.92) c 

3654 

(60.43) c 

4095 

(63.99) b 

4347 

(65.91) c 

3921.75 

(62.56) c 

F. religiosa 2.0 
3654 

(60.43) c 

3654 

(60.43) c 

4158 

(64.47) b 

4725 

(68.67) bc 

4047.75 

(63.50) c 

Modified Shook swarm method 

with P. niruri 
2.0 

4410 

(66.39) a 

4599 

(67.81) a 

5355 

(73.17) a 

6426 

(80.16) a 

5197.50 

(71.88) a 

Untreated check** - 
0.0 

(0.71) e 

0.0 

(0.71) e 

0.0 

(0.71) d 

0.0 

(0.71) e 

0.0 

(0.71) e 

Untreated healthy check - 
3717 

(60.94) c 

4158 

(64.47) b 

4158 

(64.47) b 

5229 

(72.30) b 

4315.5 

(65.54) b 

Mean - 
2625.0 

(51.24) C 

2700.0 

(51.97) C 

2985.0 

(54.64) B 

3487.5 

(59.06) A 

 

 

CD (0.05) T 

CD (0.05) P 

CD (0.05) T x P 

 

1.48 

1.21 

2.97 

No. of days after third round of treatment (DAIIIT); antiviral treatments given on 0,4 and 8 days 

*Mean of four honeybee colonies. In a column, means followed by a common alphabet are not significantly different by LSD (p= 0.05); in a 

row, means followed by a common uppercase alphabet are not significantly different by LSD (p= 0.05) 

**Colonies absconded 

 

5. Conclusion 

Even though, the plant products with antiviral principle 

products could not cure SBV infection in A. cerana indica 

fully, but they were found to keep the disease under check to 

a level of 50 percent. This helps the beekeepers not only in 

preventing the honey bees from absconding but involves in 

minimising the loss to them. 

 

6. References 

1. Kshirsagar KK. Spread of sac brood disease in U.P. 

(India) Indian Bee Journal 1983; 45:41-42. 

2. Rana BS, Garg ID, Khurana SMP, Ball BV, Verma LR, 

Aggarwal HO. Sacbrood virus disease in Apis cerana 

indica F. in South East Asia. In: Chemistry and Biology 

of Social Insects. J. Eder and H. Rembold (eds.) 

Murchen, FRG. 1987, 640-641 

3. Abrol DP, Bhat AA. Studies on ‘Thai sacbrood virus’ 

affecting indigenous honeybee Apis cerana indica F. 

Prospects and future strategies. The Journal of Animal 

Morphology and Physiology. 1990; 36:102-108. 

4. Yoo MS, Yoon BS. Incidence of honey bee disease in 

Korea 2009. Korean Journal of Apiculture. 2009; 

24(4):273-278 

5. Devanesan S, Jacob A. Thai sacbrood virus disease of 

Asian Honey bee Apis cerana indica Fab. in Kerala, 

India. Proceedings 37th International Apiculture 

Congress, 28 Oct-1 Nov 2001, Durban, South Africa. 

ISBN: 0-620-27768-8 



 

~ 1913 ~ 

Journal of Entomology and Zoology Studies 
 

6. Srinivasan, MR, Kuttalam S, Ramaraju K. Thai sacbrood 

virus (TSBV) -A potential threat to Indian honey bee. 

Indian Virological Society (IVS) - XXIII National 

Conference on Recent Trends in Virology Research in 

the Omics Era, 2014, 146. 

7. Break J, Svoboda J, Kralik O. Electron microscopic 

investigation of sacbrood of the honey bee. Journal of 

Insect Pathology. 1963; 5:385-386 

8. Grabensteiner E, Ritter W, Carter MJ, Davison S, 

Pechhackar H. Sacbrood virus of the honeybee (Apis 

mellifera): Rapid identification and phylogenetic analysis 

using reverse transcriptase – PCR. Clinical Diagnosis 

Laboratory Immunology. 2001; 8(1):93-104.  

9. Hoa LH, Lien PV. Preliminary studies on the origin and 

the Phylogenetic relatedness of the sacbrood virus 

isolated in Vietnam. Journal of Biology. 2004; 26(3). 

10. Mori Y, Nagamine K, Tomita N, Notomi T. Detection of 

loop-mediated isothermal amplification reaction by 

turbidity derived from magnesium pyrophosphate 

formation. Biochemical and Biophysical Research 

Communication. 2001; 289:150-154 

11. Yoo MS, Nguyen TKC, Nguyen VP, Han SH, Kwon SH, 

Yoon BS. Rapid detection of sacbrood virus in honeybee 

using ultra-rapid real-time polymerase chain reaction. 

Journal of Virological Methods. 2012; 158:18-23  

12. Bai H, Devanesan S, Shailaja KK, Ajitha S. Potential of 

herbal extracts in the control of the Thai Sacbrood Virus 

Disease of Asian Honeybee Apis cerana indica Fab. In: 

Proceedings of 40th Apimondia 2007 International 

Apicultural Conference held on at Melbourne, Australia. 

2007, 127. 

13. Devanesan S, Shailaja KK, Premila KS. Management of 

Thai Sacbrood Virus Disease of Asian Honeybee Apis 

cerana indica Fab., in Kerala, India. In: Proceedings of 

symposium: Diagnosis of bee health and diseases. 

Freiburg, Germany. 2008, 26-28 

14. Deshpande TM, Chaphalkar SR. Antiviral activity of 

plant extracts against sacbrood virus virus in vitro-A 

preliminary report. International Journal of Institutional 

Pharmacy and Lifesciences. 2013; 5(6) www.ijipls.com 

15. Olivieri F, Prasad V, Valbonesi P, Srivastava S, Ghosal 

CP, Barbieri L et al. A systemic antiviral resistance-

inducing protein isolated from Clerodendrum inerme 

Gaertn. is a polynucleotide: adenosine glycosidase 

(ribosome-inactivating protein). Federation of European 

Biochemical Societies Letters. 1996; 396:132-134. 

16. Paithankar VV, Raut KS, Charde RM, Vyas JV. 

Phyllanthus niruri: A magic Herbal. Research in 

Pharmacy. 2011; 1(4):1-9. 

17. Babu K, Shankar SG, Rai S. Comparative 

pharmacognostic studies on the barks of four Ficus 

species. Turkery Journal of Botany. 2010; 34:215-224. 

18. Uma B, Prabaker K, Rajendran S. In vitro antimicrobial 

activity and phytochemical analysis of Ficus religiosa 

and Ficus benghalensis L., against enterotoxigenic E. 

coli. Food Chemical toxicology. 2009; (11):2842-2846. 

19. Bismita N. Antioxidant &antimicrobial efficacy of Ficus 

religiosa L. & Ficus benghalensis L. PLANT. M.sc. 

Thesis, 2012, 49. 

20. Taskeen A, Naeem I, Mubeen H, Mehmood T. Reverse 

phase high performance liquid chromatographic analysis 

of flavonoids in two Ficus Species. New York Science 

Journal. 2009; 2:20-26. 

21. Sherwani SK, Tasveer ZB, Kanwal N, Gilani SA. 

Qualitative phytochemical screening and anti fungal 

activity of Carica Papaya leaf extract against human and 

plant pathogenic fungi. International Research Journal of 

Pharmacy. 2013; 4(7):83-86. 

22. Akhila S, Vijayalakshmi NG. Phytochemical Studies On 

Carica Papaya Leaf Juice. International Journal of 

Pharmaceutical Sciences and Research. 2015; 6(2):880-

883. 

23. Kavimandan B, Saraf M. Studies on Biological Efficacy 

of Various Leaf Extracts of Carica Papaya L. 

International Conference on Global Trends in 

Engineering, Technology and Management. 2016, 510-

516. ISSN: 2231-5381.  


