A light shed on an Enigma surrounding HTLV-1 epidemic
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Abstract

To examine the trend in seroprevalence for HTLV-1 by natural course, the blood samples were collected from pregnant women between 1987 and 2006 in Nagasaki Prefecture through ATL Prevention Program, a program that breaks maternal transmission chain by refraining from breast feeding.  The total number of samples collected was 208,453.  
Serological test was conducted with combination of particle agglutination test, immunofluorescence assay and western blotting.  Seroprevalence of HTLV-1 was compared by using a linear logistic model in two ways; firstly between birth cohorts; and secondary between age groups within each birth cohort, with which we avoided cohort effect.  
There were two declining trends found; firstly, the declining trend with year in birth cohorts; and secondary, also the declining trend with age within each birth cohort.  Whereas the first trend is considered due to the social changes recently reported in Japan, the second trend is opposite to the ones reported by previous studies that were not adjusted by birth cohort and thus neglected cohort effect.  Our results reflect real trend.  Interpretation is that declining trend with age within each birth cohort doesn’t have to do with social changes in Japan, rather with change in biological interaction.  Because if social changes move in the direction that HTLV-1 seroprevalence declines as shown in this study, resultant trend in it with age within each cohort reversely increases.  One humble hypothesis is that HTLV-1 carrier might revert to seronegative at some rate in the area like Nagasaki where epidemiological characteristics have been rapidly changing.  
Introduction
Human T-lymphotropic virus type 1 (HTLV-1) was first isolated from a patient with T cell malignancy in 1979 
 ADDIN EN.CITE 
(1)
.  Although majority of infected people remain asymptomatic, the virus is associated with severe diseases such as adult T cell leukemia/lymphoma (ATL) and HTLV-1-associated myelopathy/tropical spastic paraparesis (HAM/TSP) 
 ADDIN EN.CITE 
(2-4)
.  The virus has at least three, if not all, transmission routes; mother to child mostly through breast milk, sexual contact mainly from male to female, and whole blood transfusion 
 ADDIN EN.CITE 
(5-7)
.  To prevent transmission from blood transfusion, routine serological screening against HTLV-1 in donated blood started all over Japan in 1986 (8) and at almost the same time, it started in 1987 in Nagasaki where seroprevalence of HTLV-1 is estimated as almost ten times high as that on average in Japan, one of the highest endemic areas in Japan (9), a prefecture-wide intervention program, called ATL Prevention Program (APP), which composed of three parts; screening of the existence of HTLV-1 for pregnant women; recommending to refrain carrier mothers from breast feeding to break mother-to-child transmission chain of HTLV-1; and following their children up 
 ADDIN EN.CITE 
(10, 11)
.  
Since its start of APP in Nagasaki almost 20 years have passed.  During this ensuing period, APP had a significant impact on preventing mother-to-child transmission, preventing about 1,000 infants from getting become HTLV-1 carrier and, thus, averted around 45 people from developing ATL in their lives because lifetime risk of developing ATL is estimated to be 4.5% (12).  It also became clear that vertical transmission rate reduced from 22.4 % in exclusive breast feeding to 2.9% in exclusive bottle feeding (11)  Understanding of HTLV-1 epidemiology has progressed.  However, some enigmas surrounding HTLV-1 endemic still remain such as the high prevalence of the virus in the southwestern part of Japan but relative low prevalence in neighboring areas and countries including South Korea and mainland China, the origin of the virus e.g. where it came from, and the declining trend in prevalence in almost all endemic regions except few, if any, areas in Japan(13).  
HTLV-1 has been sustained in the human society over, at least, the last a couple of millennia in Japan(14).  Nevertheless, prevalence of HTLV-1 in modern Japanese society constantly decreases.  There might be something mismatched between mode of HTLV-1 transmission and current way of living in a modern society.  Thus, in this study, we try to address this epidemiological question how prevalence of the virus is declining in modern Japanese societies and why, making use of the serological outcomes obtained from APP, which, we hope, helps us understand the nature of HTLV-1 epidemic.

Materials and methods

Study area 

Nagasaki prefecture is located in Kyushu Island, Southwestern part of Japan (Fig.1) and known as one of the highest endemic area of HTLV-1, 10 times as high prevalence as that on average in Japan (9).  
Subjects
To examine the trends in seroprevalence for HTLV-1, the blood samples were collected from pregnant women in Nagasaki Prefecture through ATL Prevention Program (APP) between 1987 and 2006.  The total number of blood samples collected is 208,453.  
Serological test

Serological screening for the presence of HTLV-1 was conducted by a particle agglutination test (Serodia-HTLV-1; Fujirebio, Tokyo, Japan).  Immunofluorescence assay was done as a second serological test and if samples were positive for both tests they were defined as HTLV-1 positive.  When only one of both above mentioned tests was positive, it was defined as a false-positive and commercially available western blotting (Problot-HTLV-1; Fujirebio, Tokyo, Japan) was applied to confirmation.  We did not distinguish between HTLV-1 and HTLV-2 for this program.  
Statistical analysis

Statistical analysis was conducted in a way that the seroprevalence of HTLV-1 was compared between birth cohorts by using a linear logistic model with age at the time of examination and birth cohort as covariates.  The age at the time of examination was grouped by 2-year interval, while the birth cohort was grouped by 5-year interval.  
Role of funding source
No sponsor participated in the study design; in the collection, analysis, and interpretation of data; in the writing of the report; and in the decision to submit the paper for publication.  
Results

Subjects
Subjects are all pregnant women with the number of 208,453.  An average age of them all is 29.3 ± 4.5 (mean ± SD) years old.  It has slightly but steadily increased with year, especially since 2000, presumably reflecting the current social change in the delay for people to get first married in Japan, from early 29 to late 29, even though the difference between them was not statistically significant, as shown in Table 1.  
Seroprevalence of HTLV-1 by the year of examination

Sroprevalence of HTLV-1 among pregnant women showed a declining trend with year of APP conducted, from 8.89% (458/5510) in 1987 and 9.13% (808/8851) in 1988 to 1.48% (118/7999) in 2005 and 1.47% (124/8448) in 2006 (p<0.01) (table 2).  As long as declining rate is concerned, it is not equal in each year rather slows year by year.  In other words, seroprevalence of HTLV-1 declines faster in 1980’s than that in 1990’s, and 1990’s than 2000’s (Table 2).  
Seroprevalence of HTLV-1 by birth year
In birth cohort, those who were born in early years had higher seroprevalence of HTLV-1 at the time of examination than those in late years, with approximately 10% in those born in 1940’s, 5-10% in 1950’s, 3-5% in 1960’s, 1-2% in 1970’s and about 1% in 1980’s (Table 3).  
Seroprevalence of HTLV-1 by age 

When looking at pregnant women tested as a one group, seroprevalence of HTLV-1 will increases with age, from 2-3% in those at the age of under 20 and at the age of 20-24, to first half of 3% at 25-29, to 3-4% at 30-34, to 4-5% at 35-39, and to more than 5% over 40 (Table 4).
Seroprevalence of HTLV-1 in each birth cohort from 1955
When looking at seroprevalence at age serologically tested in each birth cohort grouped by 5-year interval, there were two different type of declining trends found (Fig. 2).  The first one is that seroprevalence of HTLV-1 declines with year of birth cohort; e.g. the more recently the year birth cohort the lower the seroprevalence, at the rate of around 60%  reduction in each 5-year interval.  The seroprevalence was significantly different (p<0.01) between adjacent birth cohorts, except for one between birth cohort of 1975 to 1979 and that of 1980 to 1984 (p=0.41).
The second one is that seroprevalence declines with age in each birth cohort except for those over 40 in 1955-59 and 1960-64 birth cohorts, those over 36 in 1965-69, and those over 32 in 1970-74.  The interaction term between age at the time of examination and birth cohort in each linear logistic model was not statistically significant.
Discussion

Seroprevalence of HTLV-1 by the year of examination

Japan’s studies from blood donors in endemic area including Nagasaki prefecture have reported a clear decline of seroprevalence against HTLV-1 since 1986, the year that screening of the virus for donated bloods started, by natural course or without any intentional intervention 
 ADDIN EN.CITE 
(13, 15-17)
.  In this study, a clear decline among those pregnant women tested was also shown from its beginning of the research.  The same trend continued among blood donors and among pregnant women, both of which are not a general population in definition, but are a certain type of representative of it.  Thus the trend found in this study also reflects a declining trend observed many part of endemic areas in Japan.
Seroprevalence of HTLV-1 by birth year
Seroprevalence of HTLV-1 declines steadily with birth year of the subjects from approximately 10% in late 1940’s and 1950’s to less than 1% in 1986, 1987, and 1988.  
To the pregnant women, it is conducted above mentioned APP, an intervention to break a mother-to-child transmission through recommending refraining HTLV-1 carrier mothers from breast feeding.  The effect of APP seems to appear among those born to carrier mother, but not among those born to mothers who did not participate in APP, or those who were born before APP started in 1987.  In this study, as far as those who were born prior to 1987 are concerned, there was a steadily declining trend in HTLV-1 seroprevalence.  On the other hand, when looking at those who were born after APP started in 1987, there were 90 positive pregnant women tested, no positive case found, even though it was not statistically significance.  Although whether or not this result reflects the effect of APP needs further observation, it should be taken into consideration when we look at trend of HTLV-1 from now on.  Thus if APP successfully braked a vertical transmission from mother to child as expected, declining trend in HTLV-1 seroprevalence in Nagasaki area will be accelerated both by declining trend by natural course and the effect of APP combined.  
Seroprevalence of HTLV-1 by age 

When looking at subject population as one group, seroprevalence of HTLV-1 increases with age, from 2-3% in those at the age of under 20 to approximately 6% at the age of 40-44, and to about 10% at over 45 (Table 4).  Such an increasing trend of seroprevalence with age has been reported by many researchers 
 ADDIN EN.CITE 
(9, 18-22)
.  They explained the reason why is that as it is due to horizontal transmission through sexual contact and blood transfusion.  However, it should be taken into due consideration cohort effect reported in Lancet in 1989 (23).  In other words, on the assumption that the more recent the birth, the lower the seroprevalence, the increase in the seroprevalence of HTLV-1 with age could seemingly increase; e.g. cohort effect.  Thus it is needed to avoid the cohort effect to interpret the study results so that we look at our result with age within each birth cohort.   
Seroprevalence of HTLV-1 in each birth cohort from 1955
As far as the trend in seroprevalence of HTLV-1 at the age of the time tested in each birth cohort is concerned, there were two different types of declining trends observed (Fig. 2).  Firstly, Seroprevalence in each birth cohort declines with year.  The declining rate between adjacent birth cohorts was around 60%, which was significantly different (p<0.01), except for one between birth cohort of 1975 to 1979 and that of 1980 to 1984 (p=0.41).  Unless the virus changed over that period, the declining trend should be given rise to by some changes of the way of living in modern Japanese society such as the shortening the duration of breast feeding, and the dilution effect by population movements (13).  Although those factors should be taken into consideration, in addition to those factors, we should explore the possibility that population growth might affect trend in HTLV-1 seroprevalence.  One of the most important social changes over the last several decades in Japan is for total fertility rate (TFR), the number of children one woman is supposed to have in her life, to decline from around 4 in 1950 to 1.26, a record low, in 2005.  Vertical transmission rate might be lower in the first and second babies than that in third, fourth and fifth babies due to some destruction of integrity of biological varrier in mothers.  Those factors related to social changes and population growth combined promote for trend of HTLV-1 seroprevalence in birth cohorts to decline with years.  However, it could not have same impact on the trend with age in each cohort; rather must have a reverse impact on it.  
Secondly, seroprevalence declines with age in each birth cohort with some exception over the age of 40.  Whereas declining trend in HTLV-1 seroprevalence with year of birth cohort is commonly observed, this second trend was completely opposite to what was expected.  Almost all, if few, previous studies revealed that seroprevalence of HTLV-1 increased with age, due to the existence of horizontal transmission through sexual contact so far and blood transfusion prior to 1986.  The dynamics of infection are also influenced by changes in environment.  For example seroprevalence declines over successive generations in the families who have migrated from endemic to non-endemic area 
 ADDIN EN.CITE 
(24, 25)
.  However the subjects in this study stayed in Nagasaki, an endemic area, at least at the point of time when seroprevalence was examined.  So, it is not the case.

We carefully looked at the trend in seroprevalence with age within each birth cohort, by which we can avoid cohort effect, and thus had the result that showed in our study the opposite result with declining trend in seroprevalence to those in the previous studies, despite of the fact that there also expected to exist horizontal transmission.  Thus we think that our results reflect real trend.  Interpretation is rather difficult, but we think that declining trend with age within each birth cohort doesn’t have to do with social changes in Japan, rather with change in something that has not been addressed so far, or something in virus itself, HTLV-1.  Because if social changes move in the direction that HTLV-1 seroprevalence declines as shown in this study, resultant trend in it with age within each cohort reversely increases.  Thus It might suggest that one possibility to be further attested is the biological interaction that HTLV-1, once believed to be persistent for a lifetime long in the body if infected, disappears; or that HTLV-1 carriers revert to seronegative at some rate.  Especially, in the area like Nagasaki where epidemiological characteristics have been rapidly changing because of the changes in the way of living, and as a result, the degree of exposure to HTLV-1 have become fewer events, such disappearance of HTLV-1 might takes place.  Of course, we need further investigation on persistency of HTLV-1 infection because there is a fifteen-year follow-up study showing that HTLV-1 antibodies are persistent in the infected individual over the decade and it is highly unlikely to revert to seronegative 
 ADDIN EN.CITE 
(26)
.  But it is still only a fifteen-year follow-up so that consequence over more years remains uncertain.  
In summary, there seems to be two driving forces, irrespective of social factors and biological factors, existing simultaneously in order to contribute recent rapid decline in HTLV-1 in Nagasaki, Japan.  One thing to further explore is seemed to be the natural clearance of HTLV-1 from the body.  
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Figure legends
Figure 1. 
Location of the surveys for human T lymphotropic virus type 1 seroprevalence, Nagasaki, Japan.  The shaded areas indicate the area surveyed.  The map above line shows the survey area in relation to the main islands of Japan.  

Figure 2. 

     Seroprevalence of HTLV-1 at the age of the time of examination in each birth cohort.  Each birth cohort was grouped by 5-year interval.  The number shown in the lower part of this figure, the 55-59, 60-64, 65-69, 70-74, 75-79, 80-84 and 85-89, mean each birth cohort of those born between 1955 and 1959, between 1960 and 1964, and so on, respectively.  
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Table 1. An average age of the subjects in each year of examination
	
	No. of pregnant women
	Mean ± SD
	Median

	1987
	5150
	29.2 ± 4.2
	28.8

	1988
	8851
	29.1 ± 4.1
	28.8

	1989
	14432
	29.1 ± 4.3
	28.9

	1990
	13680
	29.2 ± 4.2
	28.9

	1991
	12847
	29.1 ± 4.3
	28.9

	1992
	11301
	 29.2 ± 4.4
	29.0

	1993
	9664
	29.3 ± 4.5
	29.1

	1994
	9003
	29.2 ± 4.4
	29.1

	1995
	11045
	29.2 ± 4.6
	29.0

	1996
	12181
	29.3 ± 4.5
	29.1

	1997
	11480
	29.3 ± 4.6
	29.0

	1998
	11534
	29.3 ± 4.6
	29.2

	1999
	11227
	29.3 ± 4.6
	29.1

	2000
	10603
	29.4 ± 4.6
	29.3

	2001
	10337
	29.4 ± 4.7
	29.2

	2002
	9997
	29.5 ± 4.7
	29.3

	2003
	9783
	29.6 ± 4.8
	29.5

	2004
	8891
	29.6 ± 4.8
	29.6

	2005
	7999
	29.8 ± 4.8
	29.8

	2006
	8448
	29.9 ± 5.0
	29.9


Table 2. Seroprevalence of HTLV-1 by the year of examination
	
	No. of positive

No. tested
	HTLV-1

Positive rate (%)

	1987
	458/5510
	8.89

	1988
	808/8851
	9.13

	1989
	732/14432
	5.07

	1990
	628/13680
	4.59

	1991
	559/12847
	4.35

	1992
	499/11301
	4.42

	1993
	470/9664
	4.86

	1994
	448/9003
	4.98

	1995
	401/11045
	3.63

	1996
	326/12181
	2.68

	1997
	329/11480
	2.87

	1998
	266/11534
	2.31

	1999
	259/11227
	2.31

	2000
	224/10603
	2.11

	2001
	219/10337
	2.12

	2002
	196/9997
	1.96

	2003
	165/9783
	1.69

	2004
	164/8891
	1.84

	2005
	118/7999
	1.48

	2006
	124/8448
	1.47


Table 3. Seroprevalence of HTLV-1 by birth year.
	Birth Year
	No. of positive

No. tested
	HTLV-1

Positive (%)
	Birth Year
	No. of positive

No. tested
	HTLV-1

Positive (%)

	1941
	1/10
	10.0
	1965
	461/11774
	3.92

	1942
	0/4
	0.0
	1966
	344/8686
	3.96

	1943
	0/8
	0.0
	1967
	394/11589
	3.40

	1944
	0/9
	0.0
	1968
	267/10610
	2.52

	1945
	1/15
	6.67
	1969
	286/10549
	2.71

	1946
	1/10
	10.0
	1970
	222/9837
	2.26

	1947
	6/55
	10.91
	1971
	238/9539
	2.50

	1948
	10/115
	8.70
	1972
	165/9074
	1.82

	1949
	22/213
	10.33
	1973
	116/8443
	1.37

	1950
	51/353
	14.4
	1974
	154/7849
	1.96

	1951
	47/486
	9.67
	1975
	109/6453
	1.69

	1952
	55/682
	8.06
	1976
	77/5478
	1.41

	1953
	98/1086
	9.02
	1977
	69/4477
	1.54

	1954
	149/1520
	9.80
	1978
	56/3737
	1.50

	1955
	152/2037
	7.46
	1979
	40/3018
	1.33

	1956
	194/2804
	6.92
	1980
	35/2265
	1.55

	1957
	241/3583
	6.72
	1981
	33/1712
	1.93

	1958
	283/4502
	6.29
	1982
	21/1318
	1.59

	1959
	329/5910
	5.57
	1983
	10/990
	1.01

	1960
	899/15620
	5.76
	1984
	11/677
	1.62

	1961
	428/9256
	4.62
	1985
	5/400
	1.25

	1962
	515/9829
	5.24
	1986
	1/213
	0.47

	1963
	408/10464
	3.90
	1987
	0/72
	0.0

	1964
	389/11103
	3.50
	1988
	0/18
	0.0


Table 4. Seroprevalence of HTLV-1 by age.
	Age
	No. of positive

No. tested
	HTLV-1

Positive (%)
	Age
	No. of positive

No. tested
	HTLV-1

Positive (%)

	18
	20/848
	2.36
	34
	40/8772
	4.56

	19
	61/1873
	3.26
	35
	314/6770
	4.64

	20
	72/3210
	2.24
	36
	233/5168
	4.51

	21
	133/4615
	2.88
	37
	182/3745
	4.86

	22
	176/6004
	2.93
	38
	145/2651
	5.47

	23
	233/8236
	2.83
	39
	116/1903
	6.10

	24
	338/10620
	3.18
	40
	64/1168
	5.48

	25
	397/13397
	2.96
	41
	38/744
	5.11

	26
	497/16108
	3.09
	42
	34/431
	7.89

	27
	583/17795
	3.28
	43
	14/223
	6.25

	28
	598/18756
	3.19
	44
	7/112
	6.25

	29
	654/18647
	3.51
	45
	4/55
	7.27

	30
	572/17257
	3.31
	46
	4/27
	14.81

	31
	592/15276
	3.88
	47
	3/20
	15.0

	32
	475/13046
	3.64
	48
	1/20
	5.0

	33
	432/10947
	3.95
	49
	1/9
	11.11
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