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Abstract

Human cystic echinococcosis (CE), caused by Echinococcus granulosus , is an emerging disease in central Asia. This

study examined official data on the incidence of CE between 1991 and 2000 and studied routine hospital records in the

main surgical hospitals in Bishkek, Kyrgystan, between 1990 and 2000. In addition, a cross-sectional ultrasound study

of a rural population was undertaken in northern Kyrgystan. The results of this study have indicated that the annual

incidence of CE over the whole of Kyrgystan has increased from 5.4 cases per 100 000 in 1991 to 18 cases per 100 000 in

2000. Likewise, hospital admissions in Bishkek, due to CE, have increased from an estimated 21 cases in 1990 to

approximately 127 and 124 in 1998 and 1999, respectively. Similarly, paediatric cases have increased from 2 in 1990 to

82 in 2000. There was no obvious association with occupation of affected adults although a disproportionate number of

hospital cases were registered as unemployed compared to the general population. Whilst there was no gender

difference in hospital admissions amongst children, men were more likely to undergo hospital treatment than women.

Fifty percent of cysts were recorded as hepatic cysts with forty seven percent recorded as pulmonary cysts. Analysis of

the data suggests that the likelihood of an affected patient having a hepatic cyst decreased with age. The results of the

cross-sectional study indicated that 20 of 1486 subjects (1.35%) examined by ultrasound had an abdominal hydatid cyst.

By extrapolating the ratio of pulmonary to hepatic cysts recorded in the hospital population and adjusting for age it is

possible that as much as 3.4% of the rural population may have sub-clinical CE. Analysis of the possible risk factors in

the cross-sectional study revealed that subjects who had CE were less likely to use well water as their water supply than

non-infected subjects.
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1. Introduction

Kyrgystan is a small central Asian republic that

gained its independence from the Soviet Union in

1991. Most of the territory is mountainous with

much of the country above 2000 m. The country

has a population of approximately 4.7 million.

Since the collapse of communism, there has been a

substantial decline in living standards and life

expectancy throughout the former Soviet Union

(Leon et al., 1997; Shkolnikov et al., 1998) and this

is associated with the resurgence of a number of

diseases.

Cystic echinococcosis (CE) is a serious zoonotic

disease transmitted to man either directly or

indirectly from dogs, who are the definitive host

of the casual organism Echinococcus granulosus .

Sheep are an important intermediate host and

represent the most important source of infection to

dogs through the feeding of infected offal. It is a

common disease in many sheep rearing areas of

the world (Gemmell, 1990). Sheep farming is an

important part of the agricultural economy in

Kyrgystan. Substantial increases in the incidence

rate of CE have been reported from neighbouring

Kazakhstan (Torgerson et al., 2002; Shaikenov et

al., 1999a,b) and from other countries of the

former eastern bloc such as Bulgaria (Todorov

and Boeva, 1999). Although CE was recorded in

these countries previously, the rise in the human

incidence has been attributed to a change in

agricultural practices. In Kazakhstan livestock

farming, prior to independence, was organised on

large state run farms with slaughtering of animals

under close veterinary supervision in large meat

factories. Now there are many small livestock units

and home slaughtering and unregulated slaughter-

ing of animals is widespread (Torgerson et al.,

2002). A similar pattern of livestock husbandry

practices now occurs in Kyrgystan.

The purpose of this study was to investigate the

trends in reported cases of CE in Kyrgystan and

gain a better insight into epidemiological factors

associated with infection. This was achieved by a

close scrutiny of official data and all hospital

records in Bishkek in the period 1990�/2000. In

addition, a cross-sectional survey of a rural

population in Kyrgystan using a portable ultra-
sound was undertaken.

2. Materials and methods

2.1. Official records

Official records for the numbers of cases re-

ported throughout Kyrgystan between 1986 and

2000 were available. However, complete records

for all Oblasts (regions) were only available from

1991 and these were used to examine trends in the

disease in the last 10 years.

Data for the age structure of the general
population and the proportion of the population

seeking work was obtained from official govern-

ment statistics.

2.2. Hospital records

All the surgical records were examined in the

main Bishkek surgical hospital between 1990 and
2000. Records in which the confirmed diagnosis of

CE was made were recorded in terms of the age,

gender and occupation of the patient. In addition

the location of the cyst(s) was noted. Since 1997,

there has been a separate paediatric hospital in

Bishkek where all the children were treated. A

total of 633 hospital records were of patients

diagnosed with CE and these were subsequently
analysed in this study. The total number of

admissions for all causes is given in Table 1. The

hospital records were kept in bundles for each

month of every year. For some years the records

were incomplete as the basement of the hospital,

where the records were kept, suffered from a flood

and a number of records had been destroyed. For

those years that were incomplete the total numbers
of cases were estimated based on the numbers of

cases recorded in the available months and extra-

polated for the rest of the year. Where possible, the

total number of admissions to the hospital was

based on official records, and when not available

estimated from the case records.
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2.3. Cross-sectional ultrasound survey

A population was investigated in Kochkor

region in rural northern Kyrgystan. This popula-

tion had previously been studied between 1989 and

1994 (Jymakadir et al., 2000). A questionnaire was

designed with details of the subject’s life style and

possible risk factors for CE.

2.4. Risk factors

Information on potential exposure to dogs was

obtained by asking each participant how many

dogs they kept in their household. Participants

were also asked if dogs were seen in the immediate
area of the household and if any dogs had access

to the house. The potential exposure of these dogs

to E. granulosus was ascertained by asking dog

owners about the diet their dogs received (includ-

ing access to raw offal) and any relevant medica-

tion (such as anthelmintics). Participants were also

asked if they had close contact with their dogs such

as playing with them or stroking them and if they
owned sheep or other domestic livestock.

Because of potential indirect means of transmis-

sion of E. granulosus from vegetables or fruits

contaminated with dog faeces, participants were

asked if they had vegetable plots and if dogs had

access to these plots.

The sources of the household water supply were

also investigated as this has been shown as a
possible risk factor in previous studies (Dowling et

al., 2000). Thus, participants were asked about the

principal source of water.

2.5. Data analysis

The hospital records were analysed according to

year of presentation and age of patient. The total

numbers were analysed by x2 for linear trend. A

weighted analysis was also undertaken with the

hospital subjects: numbers of cases of CE were

adjusted to take account of the variations of total

admissions to the hospital each year. Likewise, the
changing incidence of surgical cases in the official

records was also analysed by x2 for trend. Differ-

ences in case numbers according to gender were

analysed by x2 assuming that there is a gender

balance of 50:50 in the general population. Pro-

portions of children in the hospital and ultrasound

populations were compared to the general popula-

tion by x2 analysis. A simple logistic regression
model was used to determine if the probability of a

treated patient having a liver cyst varied with the

age of that patient. The data was also analysed

according to occupation of the patient.

The data from the ultrasound study were

categorised according to disease status (i.e. pre-

Table 1

Proportion of total cases recorded in each year

Year Proportion of cases Odds ratio

Children Adults Total Children Adults Total

1990 0.006 0.053 0.034 1.00 1.00 1.00

1991 0.000 0.059 0.034 0.00 1.11 1.00

1992 0.014 0.059 0.042 2.52 1.11 1.25

1993 0.017 0.087 0.060 3.04 1.69 1.81

1994 0.035 0.123 0.091 6.18 2.50 2.83

1995 0.023 0.182 0.118 4.07 3.96 3.81

1996 0.017 0.101 0.068 3.04 1.99 2.07

1997 0.157 0.120 0.157 31.82 2.35 5.29

1998 0.293 0.064 0.201 70.99 1.22 7.14

1999 0.191 0.154 0.196 40.57 3.14 6.92

2000 0.246 56.07

x2 for linear trend 356 21.5 220

P B/0.001 B/0.001 B/0.001
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sence or absence of a detectable cyst by ultra-
sound). Epi-Info 6 (Centres for Disease Control,

Atlanta Georgia) was used for single variate

analysis. Odds ratios and associated P -values

were calculated. A logistic regression analysis

was used to test for independence of possible risk

factors. Each variable was tested using a forward

selection method to identify interactions that

significantly reduced the x2 using SPSS statistical
software (SPSS, Chicago, IL).

An estimate of the possible prevalence of CE

was determined by use of the logistic regression

model. This variation in the likelihood of liver cyst

prevalence with age was used to estimate the likely

prevalence of cysts that are undetectable by

ultrasound (e.g. pulmonary cysts).

3. Results

3.1. Official case numbers from Kyrgystan

Complete data sets were available from 1991 to

2000 for the numbers of surgical cases of CE

reported from hospitals in Kyrgystan. The inci-

dence was reported as 5.4 cases per 100 000 in

1991. It remained at approximately this level until

1994, increasing to approximately 18 cases per
100 000 by 2000 (Fig. 1). The total number of

surgical cases recorded increased from 230 in 1990

to 846 recorded in 2000. Fig. 2 gives the approx-

imate regional distribution of cases, with the

highest incidences being recorded in Naryn, Talas

and Osh Oblasts and lowest levels seen in Jalala-

bad Oblast.

3.2. Hospital records

Of the 633 medical records examined, there were

166 adult males in the study population compared

to only 132 adult females (P�/0.036). There were

170 girls and 165 boys under the age of 18 (NS).

The mean age of the population was 22 years and

the mean age of the female and male patients did

not differ significantly from the mean age of the
population. The median age of the population was

16 years, with the median age for females being 17

years and that for males being 15 years (P �/0.05).

The trend of numbers of cases per year is

illustrated in Fig. 3. The x2 test for linear trend

was highly significant, demonstrating an increase

in the numbers of cases over time (for 1990�/1999)

for all cases. Likewise in children (1990�/2000) the
results were highly significant (Table 1). Although

there was some evidence that total hospital admis-

sions increased during the period of the study, the

percentage of admissions due to CE also appeared

to increase from an estimated 0.1% in 1990 to over

0.5% in 1999 (Table 2). The adjusted x2 for linear

trend was lower when weighted for the numbers of

total admissions, but still highly significant.
In the 633 patients studied, 755 hydatid cysts

were found. Of these 356 were pulmonary cysts,

376 were liver cysts, 15 cysts were in the spleen,

two cysts were in the pleura, two were in the

abdomen, one was in the muscle, one was in the

diaphragm, one in the mediastinum and one in a

patient’s foot. A single cyst was found in 529

patients, whilst 93 patients had two cysts, ten
patients had three cysts and a single patient had

ten cysts.

The majority of the cysts were in the liver or

lungs. However, there was a marked variation in

the age of the patients who had lung cysts

compared to those who had liver cysts. The

probability of an affected patient having at least

one liver cyst at age t fitted the logistic regression
equation:

Logit(P)�1:28�0:053(t)

The standard error of the constant 1.28 and the

coefficient of t being 0.156 and 0.0064 respectively

(x2 for the constant and coefficient being 69 and 67

respectively with a P value of B/0.00001 in both

Fig. 1. Change in the annual surgical incidence of CE in

Kyrgystan between 1991 and 2000. x2 for linear trend�/1147,

P B/0.00001.
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cases). The variations in the age of patients with

different types of cysts are illustrated in Fig. 4.

The occupations of the patients are illustrated in

Table 3. Related occupations were grouped to-

gether (e.g.. doctors, dentists and nurses were

grouped as medical). The only comparison with

the general population, which was possible to

make, was that of the proportion that were

Fig. 2. The surgical incidence of CE in different regions of Kyrgystan. Top, incidence in 1991; bottom, incidence in 2000.
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registered as seeking employment. The proportion

of the male workforce in Bishkek looking for work

was 21.8%, whilst the proportion of the female

workforce was 25.5%. The proportion of adult

cases of working age registered as unemployed was

48.9% of men and 47.9% of women. This was

significantly higher (x2�/63, P B/0.0001; x2�/31,

P B/0.0001 for men and women, respectively) than

the proportion of the workforce in the general

population seeking employment.

3.3. Ultrasound study

Of the 1486 subjects examined by ultrasound, 20

were found to have an abdominal hydatid cyst

(1.35%). Analysis of the distribution of the cases

Fig. 3. The numbers of cases of CE in adults (I) and children B/18 years (j) reported in Bishkek hospitals between 1990 and 2000. In

2000 only data from the paediatric hospital was available (all cases are under 18 years of age). Years denoted are estimated totals based

on a sample of months that was available as some records had been destroyed.

Table 2

Number of admissions to the hospitals, percentage admissions

due to CE and total number of surgical cases recorded in

Kyrgystan

Year Total no.

admissions

Percentage admissions

due to CE

1990 20 000� 0.10�
1991 20 000� 0.10�
1992 21 000� 0.13�
1993 21 000� 0.18�
1994 22 577 0.25

1995 24 331 0.31

1996 26 269 0.16�
1997 27 435 0.28

1998 28 022 0.35

1999 24 209 0.51

2000 28 145 �

Adjusted x2 for linear trend�/86, P B/0.0001.

� Estimates based on incomplete data.
�

/ Data not available.

Fig. 4. Box and whiskers diagram representing the median,

upper and lower quartiles, upper and lower 95 percentiles and

minimum and maximum of the age of patients with only liver

cysts (left), liver and lung cysts (centre) and only lung cysts

(right). The width of the box is proportional to the sample size.
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by age and gender revealed no association. The

results of the univariate analysis (Table 4) indi-

cated that sheep ownership, dog ownership, the

feeding of raw offal to dogs, the use of a vegetable

plot and the source of water being from a well were

all associated with the ultrasound negative group.

When the analysis was rerun on the multivariate

model only the use of well water remained

significant, again being associated with the nega-

tive population (Table 5).

3.4. Comparison of ultrasound and hospital subjects

and the general population

The mean age of the hospital patients was 23.7

years for the years 1990�/1999 (2000 omitted as the

data only contained paediatric cases). This was

significantly lower than the mean age of the

ultrasound positive cases of 30 years. The mean

age of the hospital population with abdominal

cysts (i.e. detectable by ultrasound) was 18.4 years,

Table 3

Occupation of patients in hospital records

Occupation No. female patients No. male patients Total

Children 170 165 335

Unemployed or domestic 57 71 128

Retired 21 13 34

Professional 14 14 28

Medical 11 4 15

Students 9 9 18

Retail 5 2 7

Agriculture 5 19 24

Office workers 3 3 6

Unskilled labourers 3 6 9

Skilled labourers 1 17 18

Security 0 5 5

Disabled 2 3 5

Athlete 1 0 1

Total 302 331 633

Table 4

Results of the univariate analysis and 95% confidence intervals for the recorded variables

Category Odds ratio 95% confidence interval P

Gender 0.7 0.26�/1.98 NS

Owning or shepherding sheep 0.21 0.08�/0.57 B/0.001

Slaughter sheep 1.08 0.41�/2.85 NS

Feed raw offal to dogs 0.29 0.11�/0.76 B/0.01

Stray dogs in neighbourhood 0.5 0.18�/1.37 NS

Source of water from well 0.02 0.01�/0.06 B/0.0001

Grow own vegetables 0.12 0.04�/0.37 B/0.0001

Dogs in vegetable plot 0.39 0.14�/1.1 NS

Owning dogs 0.26 0.08�/0.97 B/0.05

Dogs treated with anthelmintic 2.46 0�/11.53 NS

Play with/stroke dogs 2.25 0.51�/8.31 NS

Dogs allowed in house 0 0�/134 NS
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again significantly less than the ultrasound popu-

lation. The proportion of the Kyrgyz population

recorded as 14 years or under was 35.0% in official

figures (the proportion under 18 years of age was

not available). The percentage of cases reported in

the hospital population as 14 years or under was

47.1, 72.5 and 67.6 for 1997, 1998 and 1999,

respectively. The percentages in 1997 and later

were significantly higher than the general popula-

tion in Kyrgystan reported as being 14 years or

under (x2�/33.1, 76.8 and 7.75; P B/0.01; 0.0001

and 0.0001, respectively). In contrast, the propor-

tion of cases in children of this age group was

26.8% of the hospital population in years prior to

1997 (all years pooled). This was lower than in the

general population in Kyrgystan (x2�/8.7, P B/

0.01).

The proportion of subjects participating in the

ultrasound survey of age 14 years or under was

19.7%. Thus young children were underrepre-

sented in the survey compared to the general

population. However, these children were not a

significantly greater proportion of the ultrasound

positive group compared to the ultrasound nega-

tive group (x2�/0.74, P�/0.38).

The logistic regression equation was used to

estimate the total prevalence of cysts in the

population (the mean age of the study population

being 32 years). The prevalence of abdominal cysts

found in the study was found to be 1.35% (95%

confidence limits of 0.82�/2.07). When the logistic

regression equation was run around a mean age of

32 years it suggested that the total prevalence of

CE, including pulmonary cysts in that population,

could be 3.4% (95% confidence intervals of 2.5�/

4.7%). Thus there could be an additional 30 cases

of CE in that population undetectable by ultra-
sound.

4. Discussion

This paper has a number of important findings.

First of all it details the evolution of the epidemic

of human echinococcosis that is occurring in

Kyrgystan by examining official records of re-
ported numbers of surgical cases of CE and by a

detailed examination of patient records from

Bishkek hospitals. Both the absolute numbers of

patients treated by surgery and the proportion of

cases reported in children have increased since

1990. This increase in incidence is in common with

the pattern seen in neighbouring Kazakhstan

(Torgerson et al., 2002; Shaikenov et al.,
1999a,b). The incidence throughout Kyrgystan is

similar to that of southern Kazakhstan, which is

the most highly endemic region of Kazakhstan.

High incidence rates are now reported throughout

the country with the highest rates being reported

from Naryn, Talas and Osh Oblasts and the lowest

Table 5

Results of multivariate analysis of the suspected risk factors for human CE among the ultrasound population

Category Regression coefficient 95% confidence interval P

Gender 0.448 �/0.647�/1.542 NS

Owning or shepherding sheep �/1.050 �/2.537�/0.436 NS

Slaughter sheep 0.003 �/0.098�/0.104 NS

Feed raw offal to dogs �/0.686 �/2.042�/0.671 NS

Stray dogs in neighbourhood �/0.483 �/1.697�/0.732 NS

Source of water from well �/4.125 �/6.222�/�/2.027 B/0.0001

Grow own vegetables �/1.055 �/3.483�/1.374 NS

Dogs in vegetable plot 1.457 �/1.006�/3.921 NS

Owning dogs �/0.092 �/2.583�/2.568 NS

Dogs treated with anthelmintic 0.228 �/2.112�/2.568 NS

Play with/stroke dogs 0.460 �/1.354�/2.273 NS

Dogs allowed in house �/4.568 �/87.33�/78.19 NS

Constant 1.213 �/1.220�/3.656 NS

Model x2�/39.53, P�/0.002.
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incidence is reported from Jalalabad Oblast. This
may reflect the distribution of livestock enterprises

with livestock husbandry: sheep farming in parti-

cular is practised in much of the mountainous

central part of the country, whilst Jalalabad is

dominated by the fertile Fergana Valley where

fruit, vegetables, cotton and tobacco are impor-

tant.

There are a number of strong indications that
this reported epidemic is a real increase in ex-

posure rather than an improvement in diagnosis

and/or reporting. Jymakadir et al. (2000) under-

took an ultrasound survey of 8777 subjects in the

same area as the present study between 1989 and

1994. In that study, 37 subjects were found to be

infected (0.42%). This was a significantly lower

proportion (x2�/19.7, P B/0.001) than the 1.34%
reported in the present study. The increase in cases

in children also supports the hypothesis that there

has been increased exposure to E. granulosus .

Lyagoubi et al. (1997) reported that it took an

average of 5 years between the occurrence of first

symptoms and diagnosis, whilst Pawlowski et al.

(2001) suggest that incubation may be months or

years between exposure and the onset of clinical
symptoms. This will explain the under representa-

tion of young children in the hospital data prior to

1997. The time interval between exposure and

treatment would allow many of these individuals

to move into a higher age class. However, in the

latter part of the last decade, young children

became over representative compared to the gen-

eral population. Thus, there must have been a very
large increase in exposure in this age class between

the early and late 1990s.

The gender ratio is insignificant in the popula-

tion of children, but in adults there appear to be

significantly more men than women affected. This

is in contrast to studies in the UK, the Middle East

and North Africa which described greater numbers

of women affected (Dowling and Torgerson, 2000;
Schantz et al., 1995). This may reflect that men

were more likely to seek treatment once clinical

signs presented as there was no gender bias in cases

detected in the ultrasound study.

The relationship between the age of hospital

cases and the likelihood of having a hepatic cyst is

an interesting one. It appears that children are

more likely to be diagnosed with a hepatic cyst
whilst adults are more likely to be diagnosed with

a pulmonary cyst. This is in contrast to studies in

Morroco (El Idrissi et al., 1997) which reported

more pulmonary cases in children. This was

attributed to that fact that pulmonary hydatid

disease was more pathogenic in children and thus

they were more likely to present for treatment.

This study indicates how it may be possible to
estimate the true prevalence of CE in the popula-

tion by an analysis of the ratio of abdominal to

pulmonary hydatid disease in a hospital popula-

tion and extrapolating it to the results of an

ultrasound survey. However, such an approach

should be accompanied by a certain amount of

caution as it is likely that hepatic and pulmonary

hydatid cysts develop at different rates. Lyagoubi
et al. (1997) suggested that hepatic cysts develop at

a slower rate than pulmonary cysts and this has

been attributed to a lower tolerance of hydatid cyst

development in pulmonary tissue (Chaouachi et

al., 1988). Therefore the estimated prevalence of

CE of 3.7% should be viewed as a maximum; it is

centred on a population of the mean age of the

surveyed population. This estimate may need
adjusting downwards by an amount that depends

on the relative development times of CE in lung

tissues compared to hepatic tissue. Such informa-

tion is not currently available. However, children

were underrepresented in the ultrasound popula-

tion compared to the general population, which

could decrease the observed prevalence relative to

the true prevalence.
The occupations of the hospital patients did not

demonstrate a marked dominance of patients

working in livestock industries which might have

been expected. Indeed the biggest class after

children were the unemployed. It was possible to

make some comparison between the level of

unemployment reported in the hospital population

and that of the general population in Bishkek,
which suggested that the unemployment rate

amongst the hospital population was considerably

higher. Although the hospital data represented

records spanning a decade, whilst unemployment

statistics are recent, the comparison has validity as

unemployment has substantially increased during

the last 10 years. Thus, despite the hospital data
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having a potential bias as it will have been sampled
from a population that would have been expected

to have a lower unemployment rate, the hospital

population still had an unemployment rate of

twice that of the general population. The compar-

isons in women are also valid, despite the fact that

in this report women who were in the workforce

are not differentiated from those working in the

home. This is because official statistics indicate
similar numbers of men and women in the work-

force in Kyrgystan. However, conclusions as to the

significance of unemployment as a risk factor for

exposure must be made with caution. It is quite

possible that individuals with CE are more likely

to lose their jobs as a result of ill health, thus

reporting as unemployed at the time of diagnosis.

Nevertheless, an increased risk of exposure asso-
ciated with unemployment or poverty is consistent

with the data.

The lack of association with agriculture is in

many ways consistent with the results of the

ultrasound study, which failed to demonstrate an

association with livestock, home slaughtering,

keeping of dogs or the feeding of dogs with raw

offal. Although some of these factors were sug-
gested in the univariate analysis they were, para-

doxically, associated with the healthy participants

rather than the participants who had CE. The

multivariate logistic regression analysis demon-

strated that only the use of well water was a

significant factor and was more likely to be used

by the healthy population. Thus the other factors

are likely to be confounders (i.e. subjects who own
sheep, engage in home slaughter and feed offal to

dogs also use well water). Therefore it is possible

that subjects who do not use well water are more

likely to have their water supply contaminated by

the eggs of Echinococcus , although the study did

not indicate where the contaminated water was

coming from, if indeed water is a significant source

of infection. However, it is possible that well water
may also be a confounding factor and the true risk

factor was not identified in the study. Never-

theless, contaminated water supplies have been

suggested as a possible risk factor in Jordan

(Dowling et al., 2000) and indirect transmission

would be logical in the absence of any obvious

association with dogs or home slaughtering of

stock. Other possible indirect means of transmis-
sion include wildlife such as birds and insects

transmitting eggs from a relatively remote source

(Gemmell, 1990; Torgerson et al., 1995). These

possibilities were not addressed in this study, but

do support the fact that close association between

dogs and people is not necessarily essential for the

transmission of echinococcosis to man.
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