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Abstract 

  

  Hydatid cyst disease is a parasitic infection caused by larval stage of Echinococcus granulosus 
affecting mainly the liver. Diagnosis of hepatic hydatidosis depends on clinical presentations, se-
rological assays and radiological findings. The present study included 40 patients suffered from 
hepatic hydatid cysts. They were classified into 4 groups according to therapeutic protocols they 
received. All cases were subjected to serological assay, radiological examination to categorize 
cysts and open surgical intervention for treatment. Samples of hydatid fluid and cysts were ex-
amined regarding parasitological, morphometric and histopathological aspects. Viability of cyst 
contents was assessed using eosin stain. All samples were cultivated for microbiological assess-
ment. Viability was 95-100% in GI (no previous treatment), 50-85% in GII, 25-45% in GIII 
(single PAIR technique and single Albendazole course) and 0-10% in GIV (repeated PAIR and 
medical treatment). Enterococci and Staphylococcus aureus were detected in one sample 
in GI and 8 samples in GIV respectively. 
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Introduction 
   Echinococcosis/hydastidosis is the larval 
cestod of Echinococcus granulosus causes 
morbidity and mortality worldwide (WHO, 
2017). Sheep raising countries showed the 
highest infection rate (van Cauteren et al, 
2016), with zoonotic risk sheep-dog-man 
(Haridy et al, 2000). Also, man is infected 
by ingesting food, water or soil contami-
nated with stool from infected dogs or from 
fur contaminated (CDC, 2020).  The liver 
is the first line of defense and the common-
est affected organ (Zhang et al, 2003) with 
75% of zoonotic cases (Kizilkaya et al, 
2002). However, disseminated hydatidosis 
was reported in spinal cord (Mazyad et al, 
1998), bone (Mazyad et al, 1999), spleen 
(Ramia-Angel et al, 2002), musculoskeletal 
(Vicidomini et al, 2007), pelvic bone (Lia- 
ng et al, 2014), brain, cardiac muscle, peri-
toneum & sub-cutis (Salamone et al, 2016), 

sub-retinal (Guo et al, 2017), lung (El-Say-
ed et al, 2020), and Kidney (George et al, 
2020). 
   Mature hydatid cyst is formed of an inner 
germinal layer and outer acellular-lamina-
ted membrane with variable thickness, and 
increased diameter from 1 to 5cm annually 
(Heath et al, 1994). Germinal layer gave 
the protoscolices that differentiated into 
adult worms in intestines of definitive hosts 
(Shaw et al, 2006). Protoscolices gave sec-
ondary hydatid cysts in the intermediate 
host after rupture of a primary one (Sira-
cusano et al, 2012).  
   The main clinical picture of hepatic hyda-
tidosis is upper right hypochondrial or epi-
gastric pain with palpable abdominal mass 
on examination (Marti-Bonmati and Serra-
no, 1990). Obstructive jaundice may occur 
due to pressure of the growing cyst on bile 
duct (Atahan et al, 2011), hydatid cyst rup-
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ture causes severe allergic manifestations 
with a life threatened anaphylactic shock 
(Demircan et al, 2006).   
  Hepatic hydatidosis showed characteristic 
images (Moro et al, 2005) and were divid-
ed into: CL, CE1, CE2, CE3a, CE3b, CE4, 
& CE5 types (Turgut et al, 2008). CE1 & 
CE2 cysts were active & fertile with viable 
protoscolices, CE3a & CE3b cysts were in 
a transitional stage with compromised in-
tegrity of cyst, but CE4 & CE5 cysts were 
inactive with degenerative changes (Rinal-
di et al, 2014). The hydatid cyst wall was 
double echogenic lines separated by a hy-
po-echogenic layer of three cyst wall layers 
(Moguillanski et al, 1999; Mouhsine et al, 
2014). Hydatid sands were multiple echog-
enic foci within the lesion, a sign called the 
snowstorm sign (Gharbi et al, 1981; Polat 
et al, 2005).  
    Hydatid cyst fluid (HCF) gave the para-
site nutrients and biochemical structure ref-
lecting metabolic functions (Li et al, 1985), 
as carbohydrate and protein control the cyst 
vitality (El Saftawy et al, 2017).  
 The present study aimed to evaluate cystic 
viability in relation to different clinical, 
parasitological and radiological features.  
   Ethical considerations: Protocol was ap-
proved, by Parasitology Department, and 
Ethical Committee, Deanship of Higher 
Education and Scientific Researches, Fac-
ulty of Medicine, Cairo University, as well 
as the Scientific Committee of National 
Institute of Hepatology, Cairo, Egypt.  
 

Patients and Methods 
   This cross sectional study was carried out 
on patients attended Surgery Department, 
National Hepatology and Tropical Medi-
cine Research Institute, Cairo from April 
2015 to October 2016. A total of 40 cases 
(males 22 (55%) & females 18(45%) aged 
from 22 to 55 years) were presented with 
clinical manifestations suggestive of hepat-
ic hydatidosis. They were diagnosis by par-
asitological, radiological and histopatholo-
gical results. The informed written consen-
ts were obtained from all the patients.  

   Patients were classified into 4 groups ac-
cording to the therapeutic protocols they 
previously received: GI: 2 cases (4%) with-
out medical treatment and diagnosed by su-
rgical intervention. GII: 5 cases treated wi-
th a single Albendazole® course. GIII: 11 
cases with recurred hydatid cyst treated by 
single PAIR technique combined with Alb-
endazole. GIV: 22 cases with recurred hy-
datid cyst treated by repeated PAIR tech-
niques combined with Albendazole 
   Patients were subjected to: 1- Serological 
assay for IHAT anti-hydatid antibody titer 
using a commercially kit (Fumouze® Mic-

instructions. 2-Radiological examination: 
Echogenicity of cysts were assessed after 
WHO classification based on the presence 
of hydatid sand and calcifications, internal 
septa and daughter cysts. 3- Therapeutic in-
tervention: After clinical and radiological 
evaluation, all cases were eligible for surgi-
cal intervention as the treatment of choice 
(Abdel Raouf et al, 2016). Fresh hydatid 
cyst fluids (HCF) were obtained during the 
surgical resection and transferred to sterile 
labeled centrifuge tubes. The samples were 
immediately examined and preserved in fo-
rmalin 10% deep freeze at -4°C. 4- Parasit-
ological examination: After HCF centrifug- 
ation, sediment was collected for smear ex-
amination and another part was preserved 
in normal saline (0.85) as 4:1 dilution for 
later processing. The wet mounts were exa-

shape, 
motility, and status whether evaginated or 
invaginated (Clavel et al, 1999). Vitality 
assessment was done using 0.1 eosin stain. 
Live protoscolices were not stained, but de-
ad ones were stained due to changes in os-
mo-regulatory mechanisms, and viability 
was calculated (Younes et al, 2011). 5- Hi-
stopathological examination: Paraffin sec-
tions were prepared and stained with hema-
toxylin and eosin for microscopic examina-
tion and photographed. Length & width of 
protoscolices were measured by an ocular 
micrometer calibrated on stage micrometer. 
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  Culture and sensitivity: HCF from each 
patient was cultured onto the Petri dishes at 
37°C incubator for 24 hours and examined 
with bacterial growth. Samples showing 
positive bacterial growth were subjected to 
species isolated and sensitivity tests.  
    Statistical analysis: Data were analyzed 
using Statistical Package for the Social 
Sciences (SPSS) version 16 for Windows 
(SPSS Inc., Chicago, IL, USA), as mean of 
quantitative variables and percentages. Nu-
merical data were expressed as mean and 
standard deviation or median and range as 
appropriate. Qualitative data were expres- 
sed as frequency and percentage. Chisqu- 
are test (Fishers exact test) examined the 
relation between qualitative variables. For 
quantitative data, comparison between two 
groups was done using Mann-Whitney test 
(non-parametric t-test). Comparison betw-
een groups was done using Kruskal-Wallis 
test (non-parametric ANOVA), and then 
post-Hoc "Schefe test" on variable rank. P 
value < 0.0001 was considered significant. 

Results 
 The patients were 21 patients were from 
rural areas and 19 patients were from urban 
areas, 11(27.5%) patients had pet dogs and 
29 cases (72.5%) never dealt with dogs, 
without significant differences. 
   The clinical manifestations were abdom-
inal fullness in 36(90%), vague abdominal 
pain in 35(87.5%), breathlessness in 35 
(87.5%), obstructive jaundice, biliary colic, 
& urticaria in 12 (30%) and low grade fe-
ver in 9(22.5%). 
   WHO classification for radio-diagnosis 
of hepatic hydatidosis showed cases in GI 
were cystic lesion (CL) without pathogno-
monic findings related to hydatidosis. GII 
showed pathognomonic radiological find-
ings CE1. Most of them were in GIII (9/11 
cases) showed CE3 radiological findings 
while the last 2 showed typical features 

-
ive of degenerating membranes. These fin-
dings were reported as well in 14/22 cases 
in GIV; the last 8 cases showed signs of ca- 

 lcifications CE5 (Fig. 1 & 2).    
 

   IHAT were positive in 26/40(65%) cases, 
and 14 were negative (35%). High positive 
titer of 640 or more were in 12 cases, 1 
case in GI and 11 cases in GIV with P val-
ue <0.001 (Fig. 3a & b). 
   The color of hydatid cyst fluid was trans-
lucent in 15 cases, reddish in 5 cases, gree-
nish in 7 cases, whitish to yellowish in 10 
cases, clear in 18 cases and turbid in 22 
cases (Fig.  4).  
 Protoscolices were detected in 38/40 HCF 
samples (in GI, GII, & GIII), but just hooks 
were identified in 2 HCF samples of GIV.  
   Viable protoscolices were well-construc-
ted contour, intact tegument, invaginated 
head, and well-arranged hooks and full of 
refractile calcareous corpuscles (Fig. 5A & 
B). Non-viable protoscolices showed dif-
ferent features, mainly affected suckers and 
rostellar regions, as tegmental destruction 
or fragmentation and hooklet  distortion. 
Complete protoscolices damage was in hy-
datid fluid samples of GIV, but in GII & 
GIII there were less viability and protoscol-
ices without complete damage. Correlation 
of protoscolices viability to cyst radiologi-
cal grades showed normality in two cases 
of CE 1 & CE 3 (one therapy course) evi-
dent only after eosin stain (Fig. 5D & E). 
Complete damage was in HCF samples of 
CE4 & CE5. Viability was 95 to 100% in 
CL (2 cases), 50 to 85% in CE1 (5 cases), 
25 to 45% in CE 3 (9 cases), CE4 (16) & 0-
10% in CE 5 (8 cases). Other cellular struc-
tures significantly increased in CE4 & CE5 
(Fig. 5C). After eosin staining, viability 
were 95 to 100% in GI (2 cases), 55 to 
85% in GII (5 cases), 25 to 50% in GIII (11 
cases) and 0-10% in GIV (22 cases). 
   Scolices motility: Microscopically motili-
ty was in 1/40 HCF samples within 4hrs. 
Scolices became evaginated with promin-
ent rostellum and suckers as active move-
ment with flexible necks full of refractile 
calculus corpuscles (Fig. 6). Active rostell- 
um and suckers movement was up-down, 
circular and oscillatory processes exerted  
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by body related to neck. 
   As to width and length of protoscolices, 
the laminated layer & germinal layer were 
76.66±3.5um, 110±8.6um & 675±35.3um 

respectively CE5 cysts were 
the lowest viability ones 41.24±4.56um, 
55.55±8.22um & 91.90±17.12um respec-
tively (Tab.1). 

Table 1: Measurement of different structures of parasite versus related radiological grade 
Variants Radiological grade 

CL CE1 CE3 CE4 CE5 
Scolex width 76.6±3.5 70 ±1.7 59.4 ±1.9 49.3 ±3.2 41.2±4.5 
Scolex length 110 ±8.6 90±12.74 65.6 ±5.6 60 ±3.2 55.5±8.2 
Laminated layer 675±35.3 453.3±116.9 195.4±45.6 150 ±20.6 91.9±17.1 
Germinal layer 18.26±8.3 16.6± 5.7 10.4 ±3.5 6.7±2.1 4.4±3.6 

    
   Histologically, the stained laminated and 
germinal layers removed after surgery was 
exa-mined. Viable cysts were in GI and 
some samples of G II, laminated layer 
compact well organized hyaline layer (Fig. 
7 & 8).  Non-viable cystic lesions were in 
GIV, laminated layer showed variable fea-
tures reflected the non-viability status as 
disruption and disorganization (Fig. 7). 
Necrosis with detachment of the germinal 
layer from the laminated layer was in all 
cases of GIV. 
   Microbiological examination showed no 
growth of anaerobic bacteria in all samples. 
Aerobic bacterial infections (Enterococci 
and Staphylococcus aureus) were in one 
sample in GI and 8 samples in GIV respec-
tively. Both the Enterococci and Staphylo-
coccus aureus were detected in 4 samples 
in CE4 & 3 samples in CE5 respectively 
(Fig. 8), with chiefly moderate but only 
one CE4 sample showed heavy growth. 

Discussion 
   Diagnosis relies on history taking, physi-
cal examination, serological assays and ra-
diological findings and confirmed by mi-
croscopic examination of the cyst content 
(Zhang et al, 2012). Classification of cyst 
stages based on radiological findings helps 
in selecting the proper management (Ped-
rosa et al, 2000). 
   In the present study, the highest viability 
(50%-85%) was reported in cases who re-
ceived one course of Albendazole. In these 
patients, cysts were radiologically classi-
fied as CE1. Chemotherapeutics commonly 
used for human hydatidosis hypothetically 
inhibit the assembly of tubulin into micro-

tubules and impair glucose absorption 
through the hydatid cyst wall. This action 
caused degeneration of the endoplasmic 
reticulum and mitochondria of the germinal 
layer and cellular death (Schantz et al, 
1982; Todorov et al, 1992). The efficiency 
of medical treatment depends on the capac-
ity of the drug to act on the germinal layer 
and protoscolices of the hydatid cyst at ad-
equate concentrations for sufficient periods 
(Manouras et al, 2007). But, vitality was si-
gnificantly minimized when combined th-
erapy was used as reported by Turkcapar et 
al. (1997) and Senyüz et al. (2001) who re-
commended such combination to reduce 
the postoperative recurrence. 
   In the present study, the non-viable in-
vaginated protoscolices were significantly 
smaller in size than the viable ones. The 
diminution in size might be attributed to 
the degenerative effect of the combined 
repeated therapy on the components of 
hydatid cysts and subsequently changed 
their measurements. 
  The reduction in size of germinal layer in 
non-viable cysts might be attributed to the 
attenuated activity of the germinal layer as 
a result of effective therapy (Stettler et al., 
2004). In viable hydatid cyst, the laminated 
layer was significantly thicker due to the 
presence of a highly active germinal layer 
that progressively deposited a thick lami-
nated layer (Alvaro et al, 2011). In the pre-
sent study, protoscolices, germinal layer 
and laminated layer were significantly red-
uced in the later radiological grades as 
compared to CL & CE1 cases. The move-
ment in the free scolices was explained by 
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the presence of muscle fibers along the an-
terior/ posterior rostellum axis (Martinez et 
al, 2005) and muscle bundles in suckers 
region (Galindo et al, 2008). These muscle 
fibers aid in the extension and retraction 
movements of the hooks when the protos-
colex became fixed to the host tissues (Sw-
iderski, 1981; Galindo et al, 2008). Other 
factors involved in scolices movement in-
cluded CNS & genes encoded for enzymes 
receptors and transporters needed for syn-
thesis and serotonin transporting (neuro-
transmitter) in the parasites (Li et al, 2013).     
   In the present study, the IHAT showed 
that 65% were negative and 35% were pos-
itive. This more or less agreed with Kiliç et 
al. (2007). IHAT was negative in many 
radiologically cases categorized as CL & 
CE1. These high negative results may re-
flect the efficiency of the parasite to sequ-
estrate its antigen away from the host im-
mune system (Lorenzo et al, 2005). Hyda-
tid cysts have two capsules surrounded by 
a third host derived fibrous capsule, which 
probably protect the parasite from immune 
attacks (Zhang et al, 2003). The results of 
serological examinations for specific anti-
bodies should be constantly linked to other 
diagnostic parameters as negative serologi-
cal tests do not exclude hydatidosis (Carm-
ena et al, 2006). Higher positive results 
were obtained in cases radiologically clas-
sified as CE3 & CE4, but declined in grade 
CE5, the degenerative form of the parasite. 
In Egypt, many serologic techniques were 
used for hydatidosis; as IHA, IFA, ELISA, 
CCLE, but the ELISA sensitivity and spe-
cificity were 96.7% & 97.5% respectively 
(El Shazly et al, 2010). Also, dot-ELISA 
was more acceptable with higher sensitivi-
ty, simple and commercial availability (Ab-
ou-Elhakam et al, 2016).  

   In the present study, culture and sensi-
tivity of hydatid cyst obtained from the 
cases, gave either no growth or Staphylo-
coccus aureus. Two main routes for bact-
erial infection in hydatid disease were the 
biliary communication and percutaneous-

aspiration injection-re-aspiration or PAIR 
technique (Agarwal et al, 2000; Celik et 
al, 2000). In PAIR technique, bacteria that 
colonize the skin represent the commonest 
source of the bacterial super-infection (Pi-
card et al, 2003). The commonest isolated 
bacteria in infected hydatidosis were coa-
gulase positive & coagulase-negative Sta-
phylococci, Escherichia coli, Klebsiella 
pneumonia, Proteus mirabilis, Enterobac-
ter aerogenes, Pseudomonas aeroginosa 
and/or Edwardsiella tarda (Fallah et al, 
2014). 
     

Conclusion 
   Hepatic hydatidosis is a risky health pro-
blem worldwide. Avoiding street dogs and 
periodical examination and treatment of pet 
ones, as well as handwashing with soap & 
warm water after handling dogs is a must.  
   Hydatidosis required interpretation of cli-
nical, parasitological, serological and radi-
ological diagnosis. The hydatid cysts viabi- 
lity varied significantly among cases given 
different therapeutic protocols with the lea-
st one among those exposed to repeated 
albendazole and underwent repeated PAIR 
technique. Viability of cysts was significa-
ntly related to radiological grading of cyst. 
   Conflict of interest: The authors declared 
that they had neither conflict of interest nor 
received fund. 
    All the authors 
equally contributed in this study 
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Explanation of figures 
Fig. 1: Radiology. CL: Unilocular, cystic lesion (s) with uniform anechoic content, not clearly delimited by a hyperechoic rim (cyst wall 
not visible). CE1: Unilocular, simple cyst with uniform anechoic content defined by a hyperechoic rim (visible cyst wall). CE3: Unilo-
cular cyst with daughter cysts. Anechoic content with detachment laminated membrane from cyst wall, visible as floating membrane or as 
water-lily sign. CE4: Heterogeneous echoic shadows (degenerative contents), with degenerating membranes. 
Fig. 2: Bar chart representing past therapeutic intervention versus radiological hydatid cyst grades. 
Fig. 3: Bar charts showed different radiological grades versus IHAT (a) and hydatid cyst viability (b). 
Fig. 4: HCFs color. A: Translucent & clear, B: Reddish & clear, C: Greenish & slightly turbid and D: Whitish to yellowish & turbid. 
Fig.5: Microscopic hydatid cyst. (A) Brood capsule, (B) invaginated viable protoscolices, (C) dagger shaped hooks, (D) non-viable proto-
scolices (pink in color), (E) degenerated protoscolices, (F) histopathological section showed compact thick laminated layer with proto-
scolices variable germinal layer sizes. 
Fig. 6: Evaginated scolices with prominent suckers, rostellum and obvious corpuscles (black arrows). 
Fig. 7: Histopathological findings in hydatid cyst sections stained with H & E. (A): Compact thick laminated layer with variable scolices
size, (B): Disrupted laminated layer, (C) Loose laminated layer, (D) Loose disrupted & disfigured laminated layer (100µm). 
Fig. 8:  Various thickness of germinal layer (arrow heads): (A) thick germinal layer in G1, (D) thinner germinal layer in G3. Nuclei (bla-
ck arrows point) condensed in viable scolices (A & B) and with scanty chromatin dots in non-viable scolices (C, D& E) (50µm). 
Fig. 9: A: Staphylococci aureus stained with Gram stain. B: Positive catalase test in Staphylococci infection. C: Mannitol salt agar to sel-
ect and different growth medium. Gram + Staphylococcus ferment mannitol and medium turns yellow. D: Macconkey agar supported S. 
aureus growth. Colonies pale pink and opaque.  
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