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INTERPRETING “EQUIVOCAL” RESULTS OBTAINED FROM THE
QUANTIFERON®-TB GOLD IN-TUBE TEST IN CONTACT INVESTIGATIONS

Jun KOMUKAI, Kenji MATSUMOTO, !Satoshi HIROTA, 'Hideki YOSHIDA,
1Shinichi KODA, *Kazuhiko TERAKAWA, and 3Akira SHIMOUCHI

Abstract [Objective] In this study, we demonstrate the inter-
pretation of “equivocal” results by the QuantiFERON®-TB
Gold In-Tube (QFT-GIT) test in contact investigations.

[Methods] The participants of the contact examinations
were assessed by the QFT-GIT test after 2 to 4 months from
the last contact with smear-positive tuberculosis patients. The
study was conducted between April 2011 and March 2012.
We enrolled 79 contact participants whose QFT-GIT tests
produced equivocal results.

[Results] The average age of the enrolled contacts was 35.9
years and the average interval from the last contact to the first
QFT-GIT test was 85.4 days (range 62—118 days). The second
QFT-GIT test produced negative results in 42 (53%) partici-
pants, equivocal results in 28 (35%), and positive results in
9 (11%). These 9 positive contacts belonged to the group of
contacts with an index case whose QFT-GIT positive rate was
more than 15%. The contacts belonging to groups with a QFT
positive rate higher than 15% in the initial test had signifi-
cantly higher QFT positive rates in the follow-up test than
those belonging to groups with lower initial QFT positive rates
(p=0.011).

[Conclusions] After retesting contacts with initially equiv-
ocal QFT results, 65% demonstrated either negative or posi-
tive results. If a contact’s second QFT-GIT test is positive, it
is highly probable that he/she is infected with tuberculosis
and adequate treatment for latent TB infection is indicated.
Thus far, no guidelines have been established for the man-
agement of contacts with equivocal results by the QFT-GIT
test; therefore, further investigations and discussions are
mandatory.

Key words: QuantiFERON®-TB Gold In-Tube, Equivocal of
QFT, Serial testing, Contact investigation, Latent tuberculosis
infection, Timing of examination
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~ Introduction: We studied the characteristics and treatment outcomes of the following risk groups for tuberculosis (TB):
those with HIV and diabetes mellitus (DM), contact cases, the homeless, foreigners, health care workers (HCW) and the
elderly.

Method: A descriptive cross-sectional study was conducted by analysing the Japanese tuberculosis surveillance data of all
cases registered between 2007 and 2010 (n = 96 689). '

Resulis: The annual proportion of TB cases by risk group was stable over the study period, although there was a slight
but significant increase observed for foreigners and elderly cases. Homeless and elderly TB cases had the highest
DM co-morbidity (16.6% and 15.3%). HIV co-infection was low in all TB cases (0.2%) yet highest in foreigners (1.3%).
HIV status of 45% of TB cases was unknown. The proportion of multi drug resistant (MDR) TB was similar among all risk
~ groups (0.0-0.9%) except foreigners, at 3.4%. Males in most risk groups had higher mortality than females; the mortality
of all TB cases in all age groups for both males and females were 3.6-24 times higher than the general population.

Discussion: Reasons for the high proportion of “HIV status unknown™ should be investigated and improved. Contact tracing
among foreign cases with MDR-TB should be a priority. Homeless persons should be screened for DM together with TB.
- Programs to enhance health and nutrition status may benefit tuberculosis prevention among the elderly. Tuberculosis -

screening and TB education are important for HCW.

lobally, it is well documented that certain
populations have a higher risk for tuberculosis
(TB) due to biological, social or environmental
factors.!? Identifying populations at risk for TB has
important implications for guiding TB control and public
health measures. Japan is a high-income country with a
middle level of TB burden. Of the 128 million population,
the 2011 TB surveillance reported 22 681 new TB cases
with a notification rate of 18 per 100 000 population.®

Japan started the first nationwide computerized
tuberculosis surveillance system in 1987 that underwent
revisions in 1992, 1998 and 2007. Reporting of TB is
mandatory under Japan’s infectious diseases control
law.* Every public and private hospital is required to
report TB cases to a local public health centre where
a public health nurse in TB control enters the data into
a central computerized surveillance system (Table 1).
The data is updated every month. Treatment outcome
is automatically coded by the surveillance programme
based on the data on treatment regimen and smear

results entered. Mechanisms to ensure data quality
include automatic verification by the surveillance
software on some variables, exchange of information at
Directly Observed Treatment meetings at the hospitals,
cohort analysis meetings at the health centres and
periodic refresher training for public health nurses.

In this paper, we analyse the TB surveillance data
and report the characteristics and tuberculosis treatment
outcomes of populations identified as high risk for
TB by Japanese and international literature including
those co-infected with HIV, co-morbidity with diabetes
mellitus (DM), cases detected through contact tracing
of TB cases (contact cases), the homeless, foreigners,
health care workers (HCW) and the elderly.

METHODS

A descriptive cross-sectional study was performed
by analysing data of all new TB cases registered
in the Japanese TB surveillance system between

> The Research Institute of Tuberculosis, Japan Antituberculosis Association, Tokye, Japan.
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Table 1. Data items inciuded in the tuberculosis surveillance system, Japan

Information of identification and status until treatment

Record under the registration

Address

Public health centre

Patient identification number
Sex

Age

Date of registration
Nationality

Occupation

Homeless

Transferred infout
New/retreatment/latent tuberculosis infection
Previous treatment regimen
Mode of case detection
‘Symptoms

Date of diagnosis

Patient’s delay

Doctor’s delay

Bacillus Calmette-Guérin (BCG)
Date of treatment end
Reason for treatment end
Length of retreatment

Date of cancellation

Reason for cancellation

Kinds of organ

Diabetes

HIV infection

X-ray

Smear result

Culture result

Drug sensitivity test result
Hospitalized/out-patient

Length of hospitalization
Treatment regimen

Health insurance

Type of medical fee subsidy
Treatment outcome by cohort analysis methods
Smear result in each month
Treatment status in each month
Type of DOTS in each month
Length of treatment interruptidn
Length of pyrazinamide use
Continuity of isoniazid use
Continuity of rifampicin use
Treatment exceeded 12 months
Treatment outcome

1 January 2007 and 31 December 2010 (n = 96 689).
The number of TB cases and the proportion of risk groups
over time were evaluated by the test for regression slope
and the Cochran-Armitage test for trend. STATA12
(Stata Corp LP, College Station, Tx, USA) was used
to analyse the frequencies and measures of central
tendency and to produce cross-tabulations by risk group.
Treatment outcome was included for smear-positive
pulmonary tuberculosis (PTB) cases only; the category
of “not evaluated for treatment outcome” was excluded
from this analysis. Age- and sex-stratified mortality
data from national vital statistics was compared with
the mortality of the TB cases by risk group. Mortality of
TB cases was defined as deaths from any causes during
TB treatment course.

Ethical research clearance was not required as the
Japanese TB surveillance data does not include case
identifiers.

RESULTS

The number of annual TB cases significantly decreased
over the study period (P = 0.001) from 25 184 in

2007 to 23 155 in 2010 (Table 2). Among the seven
risk groups, the elderly accounted for the largest
proportion of TB cases in Japan (57.3%), followed by
TB cases with DM (13.1%). The risk group with the
smallest proportion was cases with HIV (0.2%) and
2.8% were detected through contact investigation
(Table 2). The annual proportion of each risk group
was stable over the study period except for foreigners
(P < 0.001) and elderly cases (P < 0.001), which show
significant increases (Table 2).

The risk groups with the highest male to female
ratio were the homeless and cases with HIV and
DM, respectively, while the groups with the lowest
male to female ratios were HCW and foreigners.
The median age of HCW, foreigners and cases with
HIV was between 28-40 vyears younger than all
TB cases (Table 3). More than a half of the cases with
HIV, and homeless patients were found in metropolitan
cities. The proportion of cases having DM testing was
relatively high among all risk groups (88-93%) with

the highest proportion of DM co-morbidity among
homeless and elderly cases. Almost half (45%) of the
cases’ HIV status was unknown (Table 3); this also
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Table 2. Total number of tuberculosis cases and proportion by risk group, Japan, 2007 — 2010

Proportion (%)*

Risk group

2007 2008 2009 2010 Total
HIV positive 0.3 0.3 0.2 0.2 0.2
Diabetes mellitus 13.1 13.1 13.0 1341 13.1
Contact cases 29 3.0 27 29 2.8
Homeless 1.3 1.4 1.7 1.4 1.4
Foreigner 3.4 3.9 3.9 4.2 3.8
Health care worker ‘ 25 24 2.6 2.4 2.5
Elderly (65 years old and above) 55.7 56.7 : 57.8 59.1 57.3
Total number of TB cases 25184 24 571 23779 23 155 96 689

Table 3. Demographic and clinical characteristics of tuberculosis cases by risk group, Japan, 2007-2010

Charabteristics

Proportion of cases by risk group

Al! B HIV Diabgtes ~ Contact ‘Homeless  Foreigner Health care Elderly
patients . = positive - mellitus cases worker
Total number of cases 96 689 240 12 694 2753 1384 3704 2 400 55 384
Sex (%) Male 63.2 88.3 73.6 : 50.5 94.7 43.8 241 62.4
Age (%) 0-14 04 0.4 0.0 6.2 0.1 0.8 0.0 -
15464 424 921 331 73.3 702 94.6 93.1 -
65 and above 573 75 - 66.9 20.5 29.8 46 6.9 -
Median (years) 69 41 71 43 59 29 38 79
Residence (%) - Metropolitan
city (> 1 million 30.9 55.0 32.8 31.3 67.3 364 25.6 26.5
: population) : o
Nationality (%)  Japanese 93.7 75.0 96.4 93.0 97.5 - 968 97.5
Type of TB (%)~ Pulmonary 786 61.7 80.0 94.4 91.3 79.3 83.8 75.6
’Ez‘m;néry 214 383 20.0 56 8.7 207 162 244
Diabetes Yes ‘ 131 46 - 5.7 16.6 3.4 38 15.3
mellitus (%) No 78.6 83.8 . 87.1 77 85.0 901 763
Unknown 83 17 - 7.2 11.6 1.6 6.1 8.4
HIV (%) Positive - 02 - 0.1 01 07 13 0.1 00
* Negative 547 - 544 55.7 530 53.5 58.0 544
Unknown 45,0 - ’ 44.2 44.2 463 371 41.8 45.6
Chest x-ray (%) Have cavity 267 163 ‘36‘.‘9 1438 48.9 26.9 16.3 236
Pulmonary cases, 2007-2010 76004 148 10149 2508 1264 2939 2011 41847
Smear positive (%) , 50.9 52.7 62.3 164 641 412 296 565
ggg;!:ez gfgiti‘ve PTB cases, 46 ’575 92 6820 921 745 1 513 963 27197
Culture positive (%) 61.3 62.2 67.2 58.9 589 515 47.9 65.0
Multi-drug resistance TB (%) 0.6 0.0 0.6 0.9 0.7 34 0.5 0.4

applied to the reproductive-age TB cases (data not

shown).

The proportion of cases with HIV among foreigner
TB cases was 6.5 times higher than all TB cases.
Cavities in the lung on chest x-ray were most frequently

observed in homeless cases followed by cases with
DM. Within the HCW group, the proportion of smear
positive cases amongst nurses/public health nurses
with PTB (n=1 035) was 26%, compared with
37% for all females aged 20-59 years (n=9 875).
MDR-TB in foreigners was four to nine times higher

wwaw. wpro.who.int/wpsar
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Table 4. Treatment outcome of smear-positive pulmonary tuberculosis cases by risk group and gender, Japan,

2007-2010 (n=33 699)*

Default (loss

Treatment outcome (%)
Still on

Risk group by gender Tg:)al Tsriitcn;?s‘t to follow up Failure treatments (after Trzn;fer Death
> 2 months) 12 months)
All patients Male 23 037 54.0 4.2 1.3 13.2 3.6 237
Female 10 662 59.3 5.0 0.8 12.9 3.1 18.9
HIV positive Male 55 38.2 7.3 1.8 29.1 14.5 9.1
Female 8 25.0 0.0 125 50.0 0.0 12.5
Diabetes mellitus Male 439 51.9 2.8 1.7 19.3 3.2 211
Female 1226 50.3 35 1.1 21.2 2.2 216
Contact cases Male 246 69.9 4.1 1.2 14.2 6.1 45
Female 17 70.9 11.1 1.7 6.0 34 6.8
Homeless Male 640 53.9 27 1.6 9.8 14.5 17.5
Female 21 57.1 0.0 0.0 19.0 19.0 4.8
Foreigners Male 450 59.1 49 1.3 9.6 18.9 6.2
Female 559 4.3 4.3 1.3 11.1 14.5 1.4
Health care workers  Male 145 AN 55 0.7 9.7 4.8 7.6
Female 400 80.5 6.0 - 1.0 9.0 33 0.3
Elderly Male 13520 445 45 1.1 12.9 15 35.6
Female 6910 50.1 5.3 0.7 14.1 2.0 27.9

* This total does not include those cases not evaluated for treatment outcome (n=4989).

than the other risk groups and 5.7 times higher than all
TB cases.

Treatment outcome

There were 33 699 smear positive PTB cases with data
recorded on treatment outcome. Compared to other risk
groups and all TB cases, male and female HCW achieved
the highest treatment success, followed by contact cases
and foreigners. Contact cases had the highest proportion
of default, followed by HCW. Female cases had higher
proportions of default than male cases in most risk
groups, except cases with HIV, the homeless and
foreigners. The proportion of those “still on treatment”
was high for all TB cases, especially for both male and
female cases with HIV and DM (Table 4).

Mortality

For all TB cases and in most risk groups, males had
higher mortality compared with females. Mortality
for all TB cases in all age groups for both males and
females were 3.6 to 24 times higher than that of the
general population. Mortality for TB cases aged less than

45 years in most risk groups, except HCW and contact
cases, was higher than all TB cases. However, the
mortality of older cases for every risk group was similar
to those of all TB cases. Remarkably, mortality among
male homeless TB cases aged 35-44, was five and
119 times higher than all TB cases and the general
population respectively. There were no deaths for female
cases with HIV aged 0-74, lower than for all TB cases,
however the number of cases in this group was small
(Table 5).

DISCUSSION

Most international literature reports that the risk groups
for TB, such as those with HIV,> DM,® migrants’
and homeless,® have higher mortality or poorer treatment
outcome. Although Japan started TB surveillance
more than two decades ago, data on risk groups such
as cases with HIV and DM and the homeless were
only available from 2007. To assess whether these
groups also have a higher risk for TB in Japan, routine
surveillance data was used for this study. This is the
first descriptive report of the general situation of several
TB risk groups in Japan.
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Table 5. Mortality of Japan population and of tuberculosis cases by risk group, gender and age group, Japan,
2007-2010

Age group )
Male by risk group 0-14 15-24  25-34  35-44  45-54  55-B64  65-74  75-84 >85
General Population
population  (per 1000)" 8673 6571 8136 9025 7760 9172 7 066 4085 972
in Japan Mortality (%)** 0.0 0.0 0.1 0.1 0.3 0.8 19 5.2 14.8
Smear Cases 3 490 1219 1653 2183 3969 4350 6 164 3006
positive .
PTB Proportion of 0.0 06 0.6 24 6.4 11.4 215 36.8 53.4

death (%)
HIV positive Cases 0 3 10 17 14 6 5 0 0
Proportion of

death (%) - 0.0 0.0 59 7.1 0.0 60.0 - -
Diabetes  Cases 0 4 40 239 529 1103 1021 1128 331
melitus Proportion of ; 25.0 5.0 17 5.1 9.7 187 37.7 51.1

death (%) ) . ) ) ) . ) .
Contact Cases 1 20 30 26 43 861 37 18 10
oases Proportion of 0.0 0.0 0.0 0.0 7.0 16 27 27.8 100

death (%) : . . . . . . . .
Homeless Cases 0 3 . 14 67 134 252 133 30 7

Proportion of )

death (%) - 0.0 0.0 11.9 9.7 19.8 19.5 40.0 42.9
Foreigners  Cases 0 103 156 55 57 28 25 17 9

Proportion of

death (%) . 0.0 13 18 5.3 7.1 24.0 52.9 55.6
Health care ~ Cases 0 6 27 28 21 20 9 30 4
workers i £ )

Proportion of - 0.0 0.0 0.0 0.0 0.0 222 233 50.0

death (%)
Female by risk group

General Population ‘ :
population (per 1000)* 8 254 6 224 7 842 8792 7 714 9471 | 7947 5783 2 570
in Japan Mortality (%)** 0.0 0.0 0.0 0.1 0.2 0.3 0.8 2.6 10.4
Smear Cases 1 411 1053 . 843 615 819 1423 3117 2 370
positive Proporti , 2
portion of

PTB death (%) 0.0 0.2 0.6 1.1 2.3 6.8 14.6 23.4 41.8
HIV positive - Cases 0 0 3 3 0 1 0 1 0

Proportion of ‘ R

death (%) ) - - 0.0 0.0 - 0.0 - 100.0 e
Diabetes - Cases 0 2 10 41 60 151 271 440 251
mellitus : : )

i Proportion of :

death (%) - 0.0 0.0 0.0’ 50 9.9 15.5 22.2 42.2
Contact Cases 3 7 22 14 - 10 16 18 18 9
cases ; o i

Proportion of 0.0 0.0 0.0 0.0 10.0 0.0 1.1 111 333

death (%)
Homeless - Cases 0 0 4 2 1 2 5 4 3
Proportion of ‘

death (%) S - 0.0 0.0 0.0 0.0 O‘Q 0.0 33.3
Foreigners  Cases 0 137 236 103 52 13 3 12 3
Proportion of ; i
; death (%) - 0.0 0.4 1.9 1.9 ’ 7.7 0.0 | 16.7 33.3
Health care  Cases 0 21 140 113 - .78 34 10 3 1
workers : S . ‘
Proportion of
death (%) - 0.0 0.0 0.9 0.0 0.0 0.0 0.0 0.0
*  Average of 2007-2010
**  \fital statistics of Japan, 2007-2010
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The magnitude and context of risk groups in Japan
were quite different from other high-income and low
TB burden countries, which may be related to differences
in the prevalence of the risk groups in the general
population. Compared with the United Kingdom and
the United States of America, Japan has a significantly
larger elderly population (23% compared with 16%
and 12%, respectively), but lower prevalence of several
risk groups. For example the prevalence of DM was
5.1% in Japan, compared with 5.6% in the United
Kingdom and 9.4% in the United States of America; the
HIV prevalence was < 0.1%, 0.2% and 0.6%, and the
proportion of immigrants were < 2%, 9% and 12.8%,
respectively. As a result of the different size of the risk
groups, the characteristics and treatment outcomes of
TB also differed.

A majority (60%) of TB cases in Japan are
elderly, whereas in the United Kingdom and the
United States of America the majority (60-80%) of cases
are migrants or foreign-born . In Japan, most elderly
cases were infected when they were young yet developed
active TB disease when older due to co-morbidity and
age-related immuno-suppression, malnutrition and
other risk behaviours such as smoking and drinking.®:1?
Therefore there is no direct intervention to prevent active
TB among the elderly. Nevertheless, general health
interventions such as alcohol and tobacco cessation
programs or programs to promote balanced nutrition
and appropriate physical exercise may indirectly reduce
the risk of TB.1! Tuberculosis infection control measures
and TB screening for staff and clients in institutions
caring for the elderly are recommended. The high
proportion of those still on treatment for all TB cases
(13.2% in male, 12.9% in female) may be because
the majority of TB cases in Japan are elderly and it is
quite common to extend the standard treatment regimen
according to the individual patient’s clinical condition.
Moreover, the Japanese national TB treatment guidelines
do not recommend Pyrazinamide for patients aged over
80 years, which lengthens the regimen. A three-month
extension of treatment is also recommended for patients
with a co-morbidity such as DM.

In line with the World Health Organization (WHO)
recommendation, DM testing was completed for more
than 90% of TB cases in Japan. This may be attributable
to the practice of routine blood glucose testing among
TB cases in Japan. According to a systematic review,!!
cases of TB co-morbidity with DM have a risk ratio for

the combined outcome of treatment failure and death
of 1.7 (95% Cl: 1.4 to 2.1). Our study showed higher
mortality for TB cases with a DM co-morbidity for males
of younger ages (< 35) but similar mortality for older age
groups with a DM co-morbidity, compared with all smear
positive PTB cases of same age group.

The status of HIV testing among TB cases in
Japan is quite alarming. Regardless of a country’s
HIV prevalence, WHO and the international standard
of TB care recommend HIV testing for all TB cases.®
The proportion of TB cases with unknown HIV status
was above 40% for all age groups. Reasons for low
HIV testing, especially among reproductive age patients,
should be investigated.

Unlike the United States of America or
the United Kingdom,® TB control among the homeless
in Japan is not complicated by issues such as drug use
and HIV infection. Nevertheless, our study reports high
mortality and DM co-morbidity among homeless young
adults and needs to be addressed. Current active case-
finding for homeless TB cases should also simultaneously
screen for DM.® Persons with DM have about a
three times higher risk of developing TB and therefore
may require a different TB screening strategy.

Tuberculosis among foreigners in Japan has
continued to be less than 5%. Although TB with
HIV co-infection is higher among foreigners than
other risk groups, this proportion was only 1.3%.
The mortality of foreigner cases was much lower than
Japanese cases, probably because they are younger
and have four times less co-morbidity with DM than for
all TB cases. However, a higher proportion of MDR-TB
among foreigner TB cases points to the importance
of effective contact investigation among this group.
The final treatment outcome for foreigners who
transferred out (18.9% in male, 14.5% in female) was
unknown, and it is possible that these have ultimately
defaulted.

In low and middle income countries, the
attributable risk for TB disease in HCW compared to the
risk in the general population, ranged from 25 to 5361
per 100 000 populations per year.!® That the proportion
of smear-positive cases among PTB in nurses/public
health nurses in this study was lower compared with
female cases aged 20-59, and smear positive cases are
an indicator of late diagnosis, suggests that TB cases

17 WPSAR Vol 4, No 1, 2013 | doi: 10.5365/wpsar.2012.3.4.016

www.wpro.who.int/wpsar

—228—



Uchimura et al.

Characteristics and outcomes of tuberculosis cases, Japan, 2007-2010

may be detected earlier in nurses/public health nurses.
This may be due to HCWSs seeking treatment promptly or
that routine medical checks of HCW are being conducted.
Despite this, overall TB infection and TB disease among
HCW is higher than the general population!* with
TB incidence in nurses aged 30-49 being 3.4-4.7 times
higher than same-age females in the general population.
One of the main reasons for the high TB incidence of
HCW is that elderly hospitalized patients infected with
TB were causing nosocomial infection to medical staff
prior to their diagnosis with TB. Prevention of such
nosocomial infection requires earlier TB diagnosis of
elderly hospitalized patients.

The final risk group in this study was contact cases.
In high-income countries, 2.3% of adults and 4.7% of
children in contact with TB cases develop active TB.1%
As household size in Japan is becoming smaller, with
32% being one-person households, the number of
household contacts is potentially smali. However,
household and other contacts remain a priority risk
group for TB control*® with almost 3% of cases in this
study being contact cases. The current surveillance
system does not report the total number of household
and other types of contacts. Therefore, the coverage of
contact investigation is unknown. Future research should
investigate the acceptability of and barriers to contact
investigation.

Despite mandatory TB reporting in Japan, anecdotal
evidence indicates that underreporting of TB cases may
be possible. The magnitude of underreporting is now
under a systematic investigation by other researchers.
This study is a descriptive analysis using routine
surveillance data; therefore analysis using relative risks
was not possible due to the lack of reliable denominators
of several risk groups such as those with HIV, DM and
the homeless. Also access to vital registration data in
Japan is limited. The Japanese TB surveillance system
is quite advanced in terms of technology and design, yet
the system nevertheless may limit our study findings. The
high proportion of treatment outcomes “not evaluated”
(~12%) may affect the study findings. The current
surveillance programme only codes treatment outcomes
for those cases receiving the standard treatment regimen.
However, this problem has now been recognized and
the additional manual coding of treatment outcomes
by public health nurses started in 2012, Although the
national surveillance system does not include identifiers,
double entering of the same case from different health

facilities is unlikely because the data is identifiable at
the local level and surveillance staff from the health
centres regularly communicate with each other about
transferring patients. Recognizing the limitations of the
TB surveillance system in Japan will guide its further
improvements.
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