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Vaccination is recommended for all healthcare workers (HCWSs) at risk of exposure to blood and body
fluids to prevent occupational acquisition of hepatitis B virus (HBV). However, about 5% of HCWs after
6 doses of intramuscular injections of vaccines fail to develop protective antibody levels (anti HBs).
These groups are named non-responder. To compare the humoral immune responses of intramuscular
(IM) and intradermal (ID) vaccination in non-responder HCWs, we designed an open, prospective trial. In
this trial, we chose HCWs who did not respond to several booster doses of IM hepatitis B vaccine.
Three doses of IM or ID recombinant vaccine were injected with two weeks interval in each group.
Hepatitis B antibody responses (anti HBs) were assessed one month after last injection.
Seroconvertions were observed in 95.5% of ID group and 85% of IM group of these non-responder
subjects after vaccinations. ID recombinant hepatitis B vaccination induced protective antibody
responses in more than 95.5% of HCWs non-responsive to repeated IM hepatitis B vaccination and can

be considered for all non-responder HCWs.
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INTRODUCTION

Vaccination is recommended for all healthcare workers
(HCWs) at risk of exposure to blood and body fluids to
prevent occupational acquisition of hepatitis B virus
(HBV) (Playford et al., 2002; Centers for Disease Control
and Prevention, 1997; National Health and Medical
Research Council, 1997). However, about 12% of HCWs
who receive primary intramuscular (IM) vaccination fail to
develop protective hepatitis B surface antibody (anti HBs)
concentration (= 10 mlU/mL) (Roome et al., 1993; Wood
et al., 1993) and remain at risk for occupationally
acquired HBV infection (Playford et al., 2002; Szmuness
et al., 1980).

Some risk factors for vaccine non response include

male gender, older age, cigarette smoking (Roome et
al.,1993; Wood et al., 1993; Yen et al., 2005), renal fai-
lure (Stevens et al., 1984), chronic liver disease (Aziz et
al., 2006), intragluteal vaccine administration (Lindsay et
al., 1985; Chen and Gluud, 2005, 2008), certain human
leukocyte antigen (HLA) haplotype (Alper et al., 1989;
McDermott et al., 1998), and height and weight (body
mass index) (Playford et al., 2002; Weissman et al.,
1988).

Current guidelines (Centers for Disease Control and
Prevention, 1997; National Health and Medical Research
Council, 1997) for management of HCWs who fail to res-
pond to primary IM vaccination recommend additional
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Table 1. Characteristics of study subjects.

Time since Anti HBs levels

. Age BMI No of prior Vaccination Smokin
Subject  Gender (yegrs) (kg/m?1 boostF()ers2 last dose route after. (F’/Y)39
(years) vaccination
1 F 50 41.4 9 1 ID 200* 0
2 F 41 21.0 7 10 IM 200* 0
3 F 50 16.4 6 2 ID 179 0
4 F 33 15.2 6 6 ID 200~ 0
5 F 49 20.3 6 2 ID 200~ 0
6 F 33 21.2 6 5 ID 200~ 0
7 F 48 24.9 6 5 ID 200* 0
8 F 50 19.7 6 5 ID 92 0
9 F 38 17.9 6 3 ID 200~ 0
10 F 36 15.6 6 2 ID 4 0
11 F 35 17.6 6 3 ID 200* 0
12 F 25 18.2 6 0.8 ID 200* 0
13 F 50 24.2 6 2 ID 200* 0
14 F 40 15.8 6 1 ID 9 0
15 F 46 22.4 6 6 ID 70 0
16 F 41 33.2 6 2 ID 88 0
17 F 47 17.8 5 15 ID 150 0
18 F 41 18.1 5 10 ID 73 0
19 F 34 23.4 5 2 ID 172 0
20 F 38 20.8 5 7 ID 200~ 0
21 F 50 18.7 4 5 ID 200 0
22 F 32 19.6 4 3 ID 44 0
23 F 30 17.0 4 0.6 ID 125 0
24 F 28 19.5 4 1 ID 40 0
25 F 42 19.4 4 2 ID 19 0
26 F 46 18.6 3 2 ID 28 0
27 F 38 17.5 3 10 ID 170 0
28 F 27 16.4 3 1 ID 200* 0
29 M 51 21.6 6 8 ID 200* 0
30 M 52 27.4 6 3 ID 200* 0
31 M 35 19.7 6 1 ID 150 0
32 M 49 18.2 6 2 ID 38 0
33 M 42 21.1 6 1 ID 200* 0
34 M 41 26.7 6 1 ID 200* 0
35 M 32 20.4 6 3 ID 200* 0
36 M 40 19.3 6 2 ID 181 20
37 M 52 22.9 6 1 ID 76 7
38 M 56 14.3 6 10 ID 131 5
39 M 48 22.8 5 2 ID 200* 0
40 M 57 19.7 5 2 ID 46 0
41 M 25 20.2 4 3 ID 118 0
42 M 38 25.7 4 2 ID 200* 0
43 M 53 23.2 4 3 ID 200* 0
44 M 46 25.0 3 2 ID 200* 25
45 F 23 15.1 7 3 ID 200* 0
46 F 23 18.0 6 4 IM 200* 0
47 F 34 16.3 6 1 IM 9 0
48 F 33 19.4 6 7 IM 80 0
49 F 46 19.5 6 1 IM 200* 0
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50 F 46 19.3 6
51 F 26 15.8 6
52 F 47 25.0 6
53 F 49 215 6
54 F 48 19.8 5
55 F 38 24.1 5
56 F 44 27.3 5
57 F 32 15.0 5
58 F 49 22.7 4
59 F 22 20.3 4
60 M 42 22.2 6
61 M 37 22.4 5
62 M 30 23.0 4
63 M 34 24.0 3
64 M 30 25.6 3

6 IM 100 0
5 IM 86 0
1 IM 200" 0
8 IM 86 0
2 IM 125 0
3 IM 200* 0
1 IM 46 0
2 IM 161 0
1 IM 66 0
4 IM 200* 0
1 IM 0 0
5 IM 200* 0
5 IM 200* 0
1 IM 4 1
4 IM 44 1

'‘Body mass index, 2number of booster vaccine doses in addition to three primary vaccine doses, ®pack years, * = 200 miU/ml.

IM doses (booster doses), although response rate are
gene-rally less than 50% (Alper et al., 1989; McDermott
et al., 1998; Weissman et al., 1988; Struve et al., 1994;
Chen and Gluud, 2008). In contrast, response rate of
about 90% have been reported with ID hepatitis B vaccine
using either recombinant (Playford et al., 2002; Levits et
al., 1995) or plasma-derived vaccine (Nagafuchi et al.,
1991).

We design this study for further assessing the humoral
immune responses, safety and tolerability of ID re-
combinant hepatitis B vaccination and comparing with IM
vaccination in HCWs non-responsive to repeated IM
vaccination.

MATERIALS AND METHODS

All HCWs in three hospitals in Tehran were assessed (cluster
sampling). Any HCW's who have no protective anti HBs levels (= 10
mlU/ml) were chosen. Inclusion criteria for this study were HCWs
who had:

1. Previously received a primary of at least 3 booster doses (equal
to at least 6 doses) of hepatitis B vaccine;

2. Failed to respond to vaccines as documented by appropriately
timed post vaccination serology;

3. Received all previous vaccine doses IM into the deltoid muscle;
4. Not received a vaccine dose within the previous 6 months;

5. Negative baseline hepatitis B core antibody (anti HBc) and
hepatitis B surface antigen (HBs Ag);

6. Anti HBs levels of less than 10 mIU/ml;

7. No history or laboratory evidence of immunodeficiency, renal
failure or hepatic dysfunction.

Subjects were divided randomly in two groups and then vaccinated
either with ID or IM route. There was no statistical difference be-
tween the two groups in variables such as gender, age, body mass
index (BMI), number of previous injections, time from last injection
and smoking.

The used vaccines were Hepavax-Gen, a Korean recombinant
hepatitis B vaccine, and all subjects were injected by one physician.
Intradermal group subjects were vaccinated with 5 microgram (0.25
ml) and a 1 ml insulin syringe (29-gauge needle) to the arm, and
intramuscular group subjects were vaccinated with 20 microgram (1
ml) and a 2 ml syringe (22-gauge needle). A total of 3 doses were
given every second week to both groups. Direct questioning of
subjects and inspection of the injection site 48 to 72 h after each
dose was done to detect local reactions, tenderness and other side
effects such as fever.

A total of 134 HCWs were included in our trial, sixty five in ID
group and sixty nine in IM group. Sixty four subjects (43 women
and 21 men) finished our trial (Table 1). In final participants, the
median age were 41 (range 22 to 57) years. The median BMI were
20.01; (range 14.29 to 41.38) kg/m?). 4.7% of subjects had BMI
more than 30.1 kg/m? 6 (9.4%) were current cigarette smokers.
Subjects had received previously between 3 to 9 IM injections of
boosters of hepatitis B vaccines (mean 6 doses). The mean range
of last injections was 3.5 (0.6 to 15) years. HLA patterns were not
included in our study. Concentrations of anti HBs were determined
at baseline and one month after last vaccine dose by Enzyme-
linked immunosorbent assay (ELISA) method. Levels of 200 mIU/ml
or greater were not further quantified; these were treated as equal
to 200 mIU/ml for calculations of mean antibody concentration. Sta-
tistical analysis was done between two groups by independent
sample t-test.

RESULTS

All of the subjects received 3 doses of vaccine, 44
(68.2%) intradermal and 20 (31.8%) intramuscular. In 1D
group subjects, 22 (50%) had concentration of anti HBs
more than 200 miU/ml, 9 (20.5%) between 100 to 199
miU/ml, 11 (25%) between 10 to 99 mlU/ml, 2 (4.5%)
below 10 mIU/ml and total mean antibody level of 145.5
miU/ml (Tables 2 and 3). In IM group subjects, 8 (40%)
had concentration of anti HBs more than 200 mIU/ml, 3
(15%) between 100 to 199 miU/ml, 6 (30%) between 10
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Table 2. Separative antibody response in the study subjects.

Antibody response

. <10 10-99 100-199 2200 Total
Subjects group
Female 2 8 5 13 28
Intradermal Male 0 3 4 9 16
Total 2 11 9 22 44
Female 1 5 3 6 15
Intramuscular Male 2 1 0 2 5
Total 3 6 3 8 20
Table 3. Antibody levels after vaccination. anti HBS Ab levels following ID vaccinations. These
HCWs were previously considered unlikely ever to res-
Parameter N Valid 44 pond to hepatitis B vaccination, all having failed to sero-
Missing 0 convert, despite repeated previous intramuscular vaccine
Mean 145.52 doses and must be considered as nonresponder and
Median 190.50 having risk factors associated with non response.
Mode 200 Primary ID hepatitis B vaccination has been associated
Standard deviation 68.838 with poorer seroconvertion rates and lowers anti HBs
Intra dermal Variance 4738.720 levels than IM vaccination (Center for Disease Control
Range 196 and Prevention, 1991), pO.SSIb|y reflecting lower vaccine
Minimum 4 d_oses (2 g versus 5 ug), madvg:-rtent subcutaneous vac-
: cine administration, or both. Similar to others (Playford et
Maximum : 200 al., 2002; Nagafuchi et al., 1991), in this study we sought
N Valid 20 to optimize vaccine responsiveness by using higher
Missing 0 vaccine doses and one physician ex-perienced in
Mean 120.35 administering ID injections. The antibody responses
Median 112.50 elicited by ID route in this study were high: half of the
Mode 200 subjects had maximum responses more than 200 miU/ml
Intra muscular Standard deviation 76.626 and 95.5% of subjects had responses more than lower
Variance 5871.608 limits of protective antibody. These concentrations are
Range 200 higher than those o_f other st_udies of ID vaccina_tion_ of
Minimum 0 HCWs nonresponsive to _mtramuscular vaccination
Masimum 200 (Levits et al., 1995; Nagafuchi et al., 1991).

to 99 miU/ml, 3 (15%) below 10 mIU/ml and total mean
antibody levels of 120.3 mlU/ml (Tables 2 and 3). In
summary, 42 (95.5%) of ID subjects and 17 (85%) of IM
subjects had anti HBs levels of more than 10, a protective
level against hepatitis B. No statistical differences were
observed between two groups by independent sample t-
test analysis (P value = 0.46). Intradermal vaccination
was generally well tolerated. Most of the responding sub-
jects had skin reactions at the vaccine site. One subject
had a local reaction of about 15 mm after third injections
that subsided with local care. Non responding subjects
had no such reactions. No other complications were
seen.

DISCUSSION

In this study, 42 of 44 (95.5%) subjects had protective

We also compare ID route with IM route for better eva-
luation of ID route. Although no statistically significant
differences exist between two groups of ID and IM sub-
jects, but a response rate of 95.5% with mean increase of
145.5 miU/m in HCWs who did not respond to any pre-
vious IM injections was very significant. Two reasons of
this problem are: first, low sample size and second the IM
group subjects received vaccine with two weeks interval,
same as ID group, which is not a recommended schedule
(0, 1 and 6 months) (Chen and Gluud, 2008). This means
that our control group probably was not a true control.

The duration of protection from HBV infection conferred
by intradermal vaccination is uncertain. It is currently be-
lieved that prolonged protection from clinically significant
infection independent of subsequent waning antibody
concentrations is conferred to individuals who have an
initial protective response to intramuscular vaccination. We
would expect that HCWs who respond to ID vaccination
should also experience prolonged protection (Playford et
al., 2002; Chen and Gluud, 2008; West and Calandra,
1996; Assad and Francis, 1999), despite the lower peak



antibody responses elicited by ID vaccination (Bryan et
al., 1992).

Playford et al. (2002) reported that more than 90% of
previously non-responsive HCWs responded to ID re-
combinant hepatitis B vaccine with protective anti HBs
levels without comparison with control group, and to our
knowledge, we did not find any published study in this re-
gard. So, on the basis of our results, we recommend that
non-responder HCWs receive three ID vaccine doses
followed by assessment of anti HBs levels. For persistent
non-responders, it is unclear whether additional doses
would induce seroconvertion.

We have demonstrated that ID recombinant hepatitis B
vaccination induced protective antibody responses in
more than 95.5% of HCWs nonresponsive to re-
commended IM hepatitis B vaccination. Also, IM re-
combinant hepatitis B vaccination with two weeks interval
induced protective antibody level of about 85% of such
subjects. These vaccinations are safe and well tolerated,
and thus can be considered for all nonresponder HCWs.

ACKNOWLEDGEMENTS

We want to thank all the health-care workers, laboratory
personals of Mehr hospital and health care center of
north of Tehran who were involved in the trial.

REFERENCES

Alper CA, Kruskall M, Marcus-Bagley D, Craven DE, Katz AJ (1989).
Genetic predisposition of non-response to hepatitis B vaccine. N.
Engl. J. Med. 321:708-712.

Assad S, Francis A (1999). Over a decade of experience with a yeast
recombinant hepatitis B vaccine. Vaccine 18:57-67

Aziz A, Aziz S, Li DS, Murphy L, Leone N, Kennedy M, Dhillon S, Van
Thiel DH (2006). Efficacy of repeated high-dose hepatitis B vaccine
(80 mcg) in patients with chronic liver disease. J. Viral Hepat.
13(4):217-221.

Bryan JP, Maria HS, Peter LP, Llewellyn J (1992). Low-dose
intradermal and intramuscular vaccination against hepatitis B. Clin.
Infect. Dis. 14:697-707.

Center for Disease Control and Prevention (1991). Epidemiologic notes
and reports: Inadequate immune response among public safety
workers receiving intradermal vaccination against hepatitis B, United
States, 1990-1991. MMWR 40:569-572.

Centers for Disease Control and Prevention (1997). Immunization of
healthcare workers: recommendation practices (ACIP) and the
Hospital Infection Control Advisory (HICPAC). MMWR 46(RR-18):1-
42.

Chen W, Gluud C (2005). Vaccines for preventing hepatitis B in health-
care workers. Scand. J. Infect. Dis. 28:435-438.

Mardani and Roudgari 259

Chen W, Gluud C (2008). Vaccines for preventing hepatitis B in health-
care workers (Review). In: The Cochrane Library, Wiley, Chichester,
UK.

Levits RF, Cooper BW, Regan HD (1995). Immunization with high dose
intradermal recombinant hepatitis B vaccine in healthcare worker who
fail to respond to intramuscular vaccination. Infect. Control Hosp.
Epidemiol. 16:88-91.

Lindsay KL, Herbert DA, Gitnick GL (1985). Hepatitis B vaccine: Low
post vaccination immunity in hospital personnel given gluteal
injections. Hepatol. 5:1088-1090.

McDermott AB, Cohen SB, Zuckerman JN, Madrigal JA (1998).
Hepatitis B third generation vaccine: Improved response and
conventional vaccine non-response evidence for genetic basis in
human. J. Viral Hepatol. 5(2):9-11.

Nagafuchi S, Kashiwagi S, Okada K, Anzai K, Nakamura M, Nishimura
Y, Sasazuki T, Niho Y (1991). Reversal of non-responders and post-
exposure prophylaxis by intradermal hepatitis B vaccination in
Japanese medical personnel. JAMA 265:2679-2683.

National Health and Medical Research Council (1997). Rubella. In: The
Australian Immunisation Handbook (6th Ed), Canberra. Australian
Government Publishing Service. p 94.

Playford EG, Hogan PG, Bansal AS, Harrison K, Drummond D, Looke
DF, Whitby M (2002). Intradermal recombinant hepatitis B vaccine for
healthcare workers who fail to respond to intramuscular vaccine.
Infect. Control Hosp. Epidemiol. 23:87-90.

Roome AJ, Walash SJ, Cartter ML, Hadler JL (1993). Hepatitis B
vaccine responsiveness in Connecticut public safety personnel.
JAMA 270:2931-2934.

Stevens CE, Alter HJ, Taylor PE, Zang EA, Harley EJ, Szmuness W
(1984). Hepatitis B vaccine in patients receiving hemodialysis:
immunogenecity and efficacy. N. Engl. J. Med. 311:496-501.

Struve J, Aronsson B, Frenning B, Forsgren M, Weiland O (1994).
Seroconvertion after additional vaccine doses to non-responders to
three doses of intradermaly or intramuscularly administered
recombinant hepatitis B vaccine. Scand J. Infect. Dis. 26:468-470.

Szmuness W, Stevens CE, Harley EJ, Zang EA, Oleszko WR, William
DC, Sadovsky R, Morrison JM, Kellner A (1980). Hepatitis B vaccine:
Demonstration of efficacy in a controlled clinical trial in a high risk
population in the United States. N. Engl. J. Med. 303:833-841.

Weissman JY, Tsuchiyose MM, Tong MJ, Co R, Chin K, Ettenger RB
(1988). Lack of response to recombinant hepatitis B vaccine in non-
responders to the plasma vaccine. JAMA 260:1734-1738.

West DJ, Calandra GB (1996). Vaccine induced immunological memory
for hepatitis B surface antigen: Implications for policy on booster
vaccination. Vaccine 14:1019-1027.

Wood RC, MacDonald KL,White KE, Hedberg CW, Hanson
M, Osterholm MT (1993). Risk factors for lack of detectable antibody
following hepatitis B vaccination of Minnesota health care workers.
JAMA 270:2945-2939.

Yen YH, Chen CH, Wang JH, Lee CM, Changchien CS, Lu SN (2005).
Study of hepatitis B (HB) vaccine non-responsiveness among health
care workers from an endemic area (Taiwan). Liver Int. 25(6):1162-
1168.


http://www.ncbi.nlm.nih.gov/pubmed?term=Aziz%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16611186
http://www.ncbi.nlm.nih.gov/pubmed?term=Aziz%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16611186
http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=16611186
http://www.ncbi.nlm.nih.gov/pubmed?term=Leone%20N%5BAuthor%5D&cauthor=true&cauthor_uid=16611186
http://www.ncbi.nlm.nih.gov/pubmed?term=Kennedy%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16611186
http://www.ncbi.nlm.nih.gov/pubmed?term=Dhillon%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16611186
http://www.ncbi.nlm.nih.gov/pubmed?term=Van%20Thiel%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=16611186
http://www.ncbi.nlm.nih.gov/pubmed?term=Van%20Thiel%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=16611186
http://www.ncbi.nlm.nih.gov/pubmed?term=Cohen%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=9857354
http://www.ncbi.nlm.nih.gov/pubmed?term=Madrigal%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=9857354
http://www.ncbi.nlm.nih.gov/pubmed?term=Kashiwagi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=1827167
http://www.ncbi.nlm.nih.gov/pubmed?term=Anzai%20K%5BAuthor%5D&cauthor=true&cauthor_uid=1827167
http://www.ncbi.nlm.nih.gov/pubmed?term=Nakamura%20M%5BAuthor%5D&cauthor=true&cauthor_uid=1827167
http://www.ncbi.nlm.nih.gov/pubmed?term=Nishimura%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=1827167
http://www.ncbi.nlm.nih.gov/pubmed?term=Nishimura%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=1827167
http://www.ncbi.nlm.nih.gov/pubmed?term=Sasazuki%20T%5BAuthor%5D&cauthor=true&cauthor_uid=1827167
http://www.ncbi.nlm.nih.gov/pubmed?term=Niho%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=1827167
http://www.ncbi.nlm.nih.gov/pubmed?term=Bansal%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=11894838
http://www.ncbi.nlm.nih.gov/pubmed?term=Harrison%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11894838
http://www.ncbi.nlm.nih.gov/pubmed?term=Drummond%20D%5BAuthor%5D&cauthor=true&cauthor_uid=11894838
http://www.ncbi.nlm.nih.gov/pubmed?term=Looke%20DF%5BAuthor%5D&cauthor=true&cauthor_uid=11894838
http://www.ncbi.nlm.nih.gov/pubmed?term=Looke%20DF%5BAuthor%5D&cauthor=true&cauthor_uid=11894838
http://www.ncbi.nlm.nih.gov/pubmed?term=Whitby%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11894838
http://www.ncbi.nlm.nih.gov/pubmed?term=Zang%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=6235453
http://www.ncbi.nlm.nih.gov/pubmed?term=Aronsson%20B%5BAuthor%5D&cauthor=true&cauthor_uid=7984980
http://www.ncbi.nlm.nih.gov/pubmed?term=Frenning%20B%5BAuthor%5D&cauthor=true&cauthor_uid=7984980
http://www.ncbi.nlm.nih.gov/pubmed?term=Forsgren%20M%5BAuthor%5D&cauthor=true&cauthor_uid=7984980
http://www.ncbi.nlm.nih.gov/pubmed?term=Weiland%20O%5BAuthor%5D&cauthor=true&cauthor_uid=7984980
http://www.ncbi.nlm.nih.gov/pubmed?term=Stevens%20CE%5BAuthor%5D&cauthor=true&cauthor_uid=6997738
http://www.ncbi.nlm.nih.gov/pubmed?term=Harley%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=6997738
http://www.ncbi.nlm.nih.gov/pubmed?term=Zang%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=6997738
http://www.ncbi.nlm.nih.gov/pubmed?term=Oleszko%20WR%5BAuthor%5D&cauthor=true&cauthor_uid=6997738
http://www.ncbi.nlm.nih.gov/pubmed?term=William%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=6997738
http://www.ncbi.nlm.nih.gov/pubmed?term=William%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=6997738
http://www.ncbi.nlm.nih.gov/pubmed?term=Sadovsky%20R%5BAuthor%5D&cauthor=true&cauthor_uid=6997738
http://www.ncbi.nlm.nih.gov/pubmed?term=Kellner%20A%5BAuthor%5D&cauthor=true&cauthor_uid=6997738
http://www.ncbi.nlm.nih.gov/pubmed?term=Tsuchiyose%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=2970557
http://www.ncbi.nlm.nih.gov/pubmed?term=Tong%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=2970557
http://www.ncbi.nlm.nih.gov/pubmed?term=Co%20R%5BAuthor%5D&cauthor=true&cauthor_uid=2970557
http://www.ncbi.nlm.nih.gov/pubmed?term=Chin%20K%5BAuthor%5D&cauthor=true&cauthor_uid=2970557
http://www.ncbi.nlm.nih.gov/pubmed?term=Ettenger%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=2970557

