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9. Introduction and Background 

9.1 Pandemic Preparedness – Utility of Intradermal Jet Injection 
Were a pandemic of high-mortality influenza to occur, developing countries will be 
challenged in protecting their most vulnerable populations with the limited amounts of 
vaccine that would likely be available or affordable.  Administering reduced doses of 
various antigens via the intradermal (ID) route have often found immune responses to be 
equivalent to full doses administered into conventional intramuscular (IM) or subcutaneous 
(SC) target tissues (e.g., for rabies,Briggs2000, Wilde2005  hepatitis B,Wahl1987, Bryan1992  and 
influenza,Halperin1979  among other vaccines).  One hypothesis explains this phenomenon by 
the skin’s rich endowment with antigen-presenting dendritic (Langerhans) cells, which upon 
activation migrate to deeper lymphoid tissues for the next steps in the immune 
response.Goldsby2003   
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Such dose-sparing with ID-administered influenza vaccine (INF) may be a useful strategy to 
protect greater proportions of susceptible populations with scarce antigen.Avison1973  For 
example, reduction of the standard dose of INF from 0.25 mL (for young children) and from 
0.5 mL (for adults) to the usual intradermal volume of 0.1 mL can extend the protection of 
vaccine to 2½ and 5 times as many people, respectively, who would otherwise remain 
vulnerable to influenza morbidity and mortality.   

 
INF vaccination in the face of a pandemic threat will likely require mass campaigns in 
which a limited number of trained health workers would need rapidly to vaccinate large 
populations in limited periods of time.  ID vaccination with needle-syringe (N-S) by the 
traditional Mantoux method (see Figure 2), as used for PPD tuberculin application, would 
severely constrain mass campaigns because of the difficulty and tediousness of this 
technique, which requires practiced health workers and time.  Needle-free jet injectors, 
however, have a history of rapidly and easily administering tens of millions of doses of ID 
vaccines, primarily for smallpox (see Figure 3), but also BCG, using specialized intradermal 
nozzles.  Use of jet injectors for vaccination reduces the dangers and drawbacks of needle-
syringe injection (see section 9.2), including intentional or inadvertent unsterile reuse, 
needle-stick injuries to health workers, and the unsafe disposal of sharps waste.   
 

Figure 2.  Intradermal (ID) injection by Mantoux method with needle-syringe 
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9.2 Dangers of Unsafe Needle-syringe Injections 
Only recently has the magnitude of unsafe injection practices in developing countries been 
widely recognized.Holding1998  The World Health Organization (WHO) estimates that up to 
half of all injections in the world are unsafe because the needle or syringe has been 
improperly reused without sterilization.Simonsen1999, Kane1999 

 
Transmission of blood borne pathogens such as human immunodeficiency virus (HIV) and 
hepatitis B virus to patients, healthcare workers and community members can occur from 
unsterile injections, accidental needle sticks, and improper “recycling” of needles and 
syringes.Aylward1995a  A study which modeled unsafe injections found that one nonsterile reuse 
of each clean needle and syringe would result in 980 new cases of hepatitis B for every 
100,000 fully immunized infants in areas of high hepatitis B prevalence.Aylward1995b  This rate 
increased to 3740 cases of hepatitis B per 100,000 if each sterilized or new needle was 
reused just four times.Simonsen1999  For HIV, an unsterile needle reused four times in areas 
where the HIV prevalence is 20% was estimated to cause up to 190 new cases of HIV 
infection per 100,000 fully immunized patients.Aylward1995b   
 

Figure 3.  Intradermal smallpox vaccination by jet injection,  
simultaneous with subcutaneous measles vaccination 
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Causes of improper use of needles and syringes include (1) inadequate training, knowledge, 
and motivation of health staff, (2) frequent shortages of supplies or fuel and the disrepair of 
equipment to sterilize needles and syringes, (3) inadequate disposal policies and facilities, 
and (4) a black market of recycled syringes used in the informal medical sector.  To address 
the problem WHO and the United Nations Children’s Fund (UNICEF) recommend the use 
of auto-disabling disposable syringes that cannot be reused.WHO1997  But the additional cost, 
compared to conventional syringes, has been a barrier to their use.   
 
The Global Alliance for Vaccines and Immunization (GAVI), created with the initiative and 
financial support of the Gates Foundation and others, has focused attention on vaccination 
technology.  Among its priorities are knowledge, methods, and products to reduce the 
dangers of re-use of injection equipment and to ensure proper management of “sharps” 
waste.Birmingham2000, Jacobs2001 
 

9.3 Needle-free Jet Injection Technology 

9.3.1 Description and Clinical History 
 
Needle-free jet injection offers one potential solution to the dangers and drawbacks of 
using needles and syringes to administer vaccines.  Jet injectors (once referred to as “jet 
guns”) use high pressure to deliver a fine stream of liquid medication or vaccines 
through the skin.  Such devices have been used by patients themselves, by 
immunization clinics, and in mass vaccination campaigns since the late 1940’s and 
early 1950s successfully to administer a wide variety of medications (e.g., anesthetics, 
antibiotics, corticosteroids, hormones, immunodiagnostics, immunomodulators, and 
vitamins) as well as vaccines. Reis1998; NIP2005a  At least 15 million doses of measles 
vaccine were administered by jet injectors equipped with subcutaneous nozzles from 
1967-1969 alone (along with 92 million smallpox vaccine doses via intradermal nozzles 
in the opposite arm) in West Africa’s smallpox eradication program (Figure 3).Millar1969, 

Fenner1988  In Brazil, tens of millions of doses of smallpox vaccine in the 1960s,Veronesi1966 
and tens of millions more measles vaccine doses in the 1990sdeQuadros1998 were given by 
jet injectors in Brazil’s successful campaigns against those diseases.   
 
The fluid injected by jet injectors is generally distributed conically, following paths of 
least resistance into either the subcutaneous (SC) tissues, or further into intramuscular 
(IM) tissue.  The site of deposition where most of the dose is delivered – SC, IM, or 
intradermal (ID) – depends on such variables as the power of the device, its orifice size, 
shape, distance and angle relative to the skin, the viscosity of the fluid, the angle of 
injection relative to the muscle fascia plane, the skin thickness injected, and other 
factors.Bennett1971, Schramm2002  Even while using the same power source, orifice, and 
perpendicular injection as for IM or SC delivery, ID injection can be achieved by 
creating a gap with tubing or a spacer inserted between the nozzle orifice and the skin, 
thus reducing the force of the jet stream (see section 9.6.3).Meyer1964, Kalabus1967, Dull1968, 

Zsigmond1999a, Zsigmond1999b, Sugibayashi2000 
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9.3.2 MUNJIs vs. DCJIs 
Safety concerns arose over multi-use-nozzle jet injectors (MUNJIs), example 
illustrated in Figure 3, which use the same nozzle to inject consecutive patients without 
intervening sterilization.  A hepatitis B outbreak in the mid 1980s caused by one 
MUNJI,CDC1986, WHO1986, Canter1990 as well as other publishedKremer1970, Darlow1970, Brink1985, 

Zachoval1988, Lukin1997, Weintraub1998, Hoffman2001, Souto2001  and unpublisheddeSouzaBrito1994 studies of 
this and other devices, indicated blood and tissue fluid containing pathogenic agents 
could be transmitted among patients.  This led to discontinuation and recommendations 
against their use in public health, CDC2002, WHO1997 and market removal in 1997 of the 
most common device, the Ped-O-Jet®.NIP2005a  
 
Since the 1990s, a new generation of safer disposable-cartridge jet injectors (DCJIs) 
have appeared.  DCJIs avoid the inherently unsafe design of MUNJIs, since the 
disposable cartridge has its own sterile orifice and nozzle and is discarded between 
patients.  One such DCJI device is the Biojector® 2000 
(http://www.bioject.com/biojector2000.html), which has been studied in a number of 
clinical trials (see section 10.4.3), and is licensed in the U.S., Europe, and elsewhere for 
either subcutaneous or intramuscular injection, depending on cartridge orifice size.  
   
 

9.3.3 Jet Injectors in Children 
 
Needle-free injections have been studied and used before in pediatric populations.  The 
Biojector® 2000 is used routinely for immunization of infants, toddlers, and older 
children in a number of county health department clinics in the U.S. 
(http://www.bioject.com/biojector2000.html).  For example, the public health clinics of 
Cobb County, a suburban jurisdiction just outside of Atlanta, Georgia, has been using 
jet injectors for several years for all routine childhood immunizations, including 
vaccines for diphtheria-tetanus-pertussis (DTP), Haemophilus influenzae type B (HIB), 
and hepatitis B (HBV) (personal communications: Richard Stout, Bioject, Inc., 1999 
and Jan Smith, Cobb County Immunization Program, 1999).Dodson1997   
 
As a result of the abandonment of MUNJIs in the late 1990s as described in section 9.3 
above, since 2000 the U.S. Navy and Coast Guard have used the Biojector® 2000 to 
administer vaccines to both military recruits at basic training sites, as well as to 
pediatric and adult dependents at regional health facilities.  In the year from October 
2003 to October 2004, nearly half a million Biojector cartridges were thus used by the 
military (personal communication, Kurt Lynam, Bioject, Inc., 2004).  
 
Another DCJI device, the INJEX® 50 (http://www.injex.com/products/injex30.asp), has 
been studied in the administration of MMR vaccine to teenagers and found to produce 
satisfactory immune responses and no significant difference in pain score compared to 
control needle injections.Sarno2000  The INJEX®, however, is not used for routine 

http://www.bioject.com/biojector2000.html
http://www.bioject.com/biojector2000.html
http://www.injex.com/products/injex30.asp
bgw2
Rectangle



HIRRC/CDC Needle-free Intradermal 
Influenza Study - CDC-ISO-4785 

Page 26 
of 122 

File: 4785-ID-INF-ProtocolEnglish-2006Mar05.doc 
2006-Mar-05

 
vaccination in the United States because it currently lacks capability for intramuscular 
injection, which are recommended for several common vaccines.  
 

9.3.4 Immunogenicity of Jet-injected Vaccines 
A large body of clinical literature documents jet injector immunogenicity, which is 
usually equal to or better than that induced by conventional needle and syringe for a 
variety of conventional inactivated and live vaccines.Reis1998; NIP2005b  Vaccines that have 
been successfully administered via jet injection include typhoid,ParentduChatelet1997  
cholera,McBean1972, PhillipinesCholeraCommittee1973  bacille Calmette-Guérin (BCG),Parker1948  
typhoid-diphtheria (Td),Wegmann1976  whole cell diphtheria-tetanus-pertussis 
(DTP),Stanfield1972, Ruben1973, ParentduChatelet1997, Rossier1998  measles,Meyer1964, Ruben1973  
meningococcal A and C,Rey1989  smallpox,Meyer1964, Veronesi1966, Ruben1973, Fenner1988  yellow 
fever,Meyer1964, Ruben1973  hepatitis A,ParentduChatelet1997, Fisch1996  hepatitis B,Lemon1983, Whittle1987, 

Mathei1997  influenza,Davies1969, Spiegel1994a, ParentduChatelet1997  plague,Lipson1958  polio,Lipson1958 and 
tetanus.Veronesi1966, Rey1967, Rey1973, ParentduChatelet1997, Schlumberger1999  
 
The reported increased immunogenicity via jet injector may result because injection 
inevitably leaves a small amount of vaccine in the skin, which is richly endowed with 
dendritic (Langerhans) cells which have important roles in processing and presenting 
antigens in the immune system.ParentduChatelet1997  Various studies have suggested this 
improved immunogenicity may allow lower doses of vaccine to be administered.  For 
example, Hendrickse, et al demonstrated adequate levels of protective antibodies 
against measles after administration SC of a reduced dosage with the most widespread 
device, the Ped-O-Jet®.Hendrickse1968, Macintosh1977  
 

9.3.4.1 Non-adjuvanted Vaccines Delivered by Jet Injection 

9.3.4.1.1 Influenza Vaccines 
Since the adaptation of needle-free jet injectors for mass vaccination in the 
early 1950s, there has been a long and well-documented history for 
comparable immunogenicity (to needle-syringes) and tolerable reactogenicity 
in their use for the administration of influenza vaccines.Anderson1958, Clark1965, 

Wright1968, Davies1969, Vibes1971, Ivannikov1980, Spiegel1994a, ParentduChatelet1997  During the 
swine influenza mass campaign of 1976-1977 in the U.S., a substantial 
proportion of the approximately 80 million doses administered that season 
were delivered by jet injectors (CDC, unpublished data).Ehrengut1977 
 
9.3.4.1.2 Measles Vaccines 
Studies have well documented the immune response of the hundreds of 
millions of doses of measles vaccine administered by jet injectors, 
particularly  in mass campaigns in Africa and South America (see section 
9.3.1).Meyer1964, Kalabus1967, Ruben1973, Kok1983, deQuadros1998  
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9.3.4.1.3 Meningococcal Vaccines 
Traditional meningococcal polysaccharide (MENps) vaccines have been 
extensively administered by needle-free jet injection technology.AmatoNeto1974, 

Artenstein1971, Binkin1982; Chippaux1998, Gotschlich1972a, Gotschlich1972b, Greenwood1980, 

Mohammed1981, Mohammed1984, Rey1989, Spiegel1994b, Taunay1974, Taunay1978  Most of these 
citations reported on the use of monovalent serogroup A polysaccharide 
vaccine, which more commonly causes serious epidemics in the so-called 
“meningitis belt” of western Sub-Saharan Africa.  Amato Neto et al, both 
Taunay et al reports. and Rey et al. describe the administration of 
meningococcal C vaccine by this method.   
 

9.3.5 Reactogenicity of Jet-injected IM and SC Vaccines 
The medical literature reports varying results in studies regarding the pain and 
reactogenicity of needle-free injectors compared to needles to deliver intramuscular 
(IM) and subcutaneous (SC) injections.  Insulin and other non-irritating drugs and non-
adjuvanted vaccines generally result in either reduced or equivalent pain for jet injectors 
compared to needles,Hingson1947, Hughes1949, Anderson1958, Kutscher1962, Meyer1964, Greenberg1995  but not 
always.Jackson2001   
 
Vaccines with irritating adjuvants like aluminum salts usually result in somewhat higher 
frequencies of local reactions (e.g., edema, erythema, tenderness) when jet injected, but 
this has not generally been of a magnitude sufficient to compromise clinical tolerance 
and safety.Barrett1962, Lenz1966, Edwards1974, Agafonov1974, Agafonov1978, Hoke1992, Hoke1995, 

ParentduChatelet1997  The irritation probably results from the residual vaccine remaining in 
the skin and superficial subcutaneous tissues, even if most of the dose administered is 
deposited more deeply.  (Most modern influenza vaccines, including Vaxigrip®, have no 
adjuvant.)  
 

9.3.5.1 Alum-adjuvanted Vaccines Delivered by Jet Injection 

In addition to some of the papers mentioned in preceding sections, a number of 
reports have been published on the administration by jet injection of the following 
alum-adjuvanted vaccines by either the IM or SC routes.  In general, these papers 
reported somewhat increased -- but tolerable -- rates of local reactions compared to 
needle-syringe administration.  Such reactions are usually mild and resolve within 
days without treatment.   
 

• Diphtheria-Tetanus-Pertussis (whole-cell) (DTPw)Stanfield1972, Ruben1973, 

ParentduChâtelet1997 
• Hepatitis A (HAV)Hoke1992, Hoke1995, Parent du Châtelet1997, Williams2000 
• Hepatitis B (HBV)Lemon1983, Whittle1987, Mathei1997 
• Tetanus (TET)Veronesi1966, Rey1967, Rey1973, Parent du Châtelet1997, Schlumberger1999 
• Tetanus-Diphtheria (Td)Wegman1976 
• Tetanus-Diphtheria-polio (Td-POLIPV)Barrett1962 
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• Typhoid (TYD)Agafonov1974, Edwards1974, Agafonov1978 

 
9.3.5.1.1 Diphtheria-Tetanus-Pertussis (whole cell) Vaccines 
Parent du Châtelet et al administered three monthly injections of 
DTPw(PMSV) to African infants recruited at age 2-to-3 months, using 
prefilled disposable jet injection cartridges (Imule®) and an investigational 
Mini-Imojet® needle-free jet injector (JI), and compared it to similar controls 
receiving the same vaccine and doses by needle-syringe (N-S).Parent du 

Châtelet1997  Comparing the JI and N-S groups, frequencies of delayed reactions 
for pain were 34.2% and 27.4%, respectively (not significant [NS]), 68.3% 
and 51.2% for induration (p<0.05), 1.2% and 2.4% for adenopathy (NS), and 
4.9% and 2.4% for fever (NS). 
 
9.3.5.1.2 Hepatitis A Vaccines 
Local redness was reported by significantly more soldiers (23%) who 
received their first dose of Merck HAV vaccine IM by Ped-O-Jet® injector, 
compared to 3% among those vaccinated IM by needle-syringe.Hoke1995  After 
the second dose, the significantly-different jet injector/needle-syringe 
frequencies were 14%/0% for redness, and 8%/0% for swelling.  After the 
third dose, only redness occurred with significantly increased frequency 
among the jet injector recipients (18%) versus the needle-syringe group 
(5%).  Nevertheless, the investigators concluded that “the jet injector is a 
highly satisfactory means for mass inoculation of military recruits with 
hepatitis A vaccine”.Hoke1992   
 
The Pasteur-Mérieux (now Sanofi-Pasteur) HAV vaccine was administered 
SC by Mini-Imojet® jet injector to 48 adults, and compared to needle-syringe 
injections by the IM (n=50) and SC (n=49) routes.Parent du Châtelet1997  Relative 
frequencies of side effects for SC jet injector, IM needle, and SC needle were 
35% / 13% / 26%, respectively, for delayed pain (p=0.05).  No significant 
difference in proportions were found between the three injection groups for 
delayed erythema (9% / 0% / 13%, respectively), induration (2% / 0% / 0%), 
hematoma (7% / 0% / 7%), adenopathy (0% / 2% / 2%), and fever (11% / 9% 
/ 9%).   
 
A Biojector® 2000 needle-free jet injector (JI), 
, was used to administer two doses IM of GlaxoSmithKline 
HAV vaccine, which was also administered IM by needle-syringe 
(N-S).Williams2000  There was no significant difference in the frequencies of 
systemic side effects between the two study groups.  But local reactions were 
more frequent in the JI group: redness after 58 (20%) of 289 doses 
(compared to 6 [2%] of 288 N-S doses); swelling after 57 (20%) doses (N-S: 
9 [3%]); and bruising after 75 (26%) doses (N-S: 7 [2%]).   
 

bgw2
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9.3.5.1.3 Hepatitis B Vaccines 
Three doses of Merck HBV vaccine were administered SC in unblinded 
fashion by Ped-O-Jet® injector above the deltoid insertion region of the 
non-dominant arms of 19 volunteer adults.  These injections were compared 
with simultaneous saline injection by needle-syringe (N-S) into the dominant 
arms.Lemon1983  Induration of >5 mm was reported after 9 (16%) of 57 jet 
injections, compared to only 1 (2%) of placebo N-S control injections.  
Erythema of >5 mm reported in 5 (9%) of jet injections, compared to none 
from N-S placebo.  Firm, indurated, painless nodules from 5-to-10 mm in 
diameter appeared one or two days after 9 (16% of 57) jet injections.  All 
eventually disappeared, at times leaving a pigmented macule.   
 
A Biojector® 2000 device was used to administer GlaxoSmithKline HBV 
vaccine IM to 47 randomly selected adult volunteers, and to 50 vaccinees by 
needle-syringe.Matheï1997  Local side effects of soreness, redness, or swelling 
were reported significantly more frequently (126 adverse effects) after 93 jet 
injections (doses 1 and 2) than after 98 needle-syringe injections (49 adverse 
effects).   
 
9.3.5.1.4 Tetanus and Diphtheria Vaccines 
Reactogenicity at 3 days to a monovalent tetanus toxoid vaccine adsorbed on 
aluminum hydroxide (Tetavax®, Pasteur Mérieux Sérums et Vaccins, now 
Sanofi Pasteur) was examined in 213 African adults vaccinated with the 
investigational Imule® disposable cartridge and Mini-Imojet® needle-free 
injector, without the use of a control group receiving needle-syringe injection 
to compare adverse reactions.ParentduChâtelet1997  Frequencies of AE were 
reported for pain (68.5%), fever (35.9%), induration (26.0%), erythema 
(7.7%), and hematoma (0%).   
 
Brazilian investigators administered via Press-O-Jet™ needle-free injector a 
dose volume of 1.0 mL of tetanus toxoid precipitated on alum to 300 adults 
and 350 children in São Paulo, and reported “no disagreeable 
reactions”.Veronesi1966  
 
An aluminum-phosphate-adsorbed bivalent Td vaccine was administered via 
needle-free Dermo-Jet® injector in a 0.1 mL intradermal dose to 19 adults, 
and found by the investigators to be “well-tolerated” and equivalent to an SC 
injection.Wegmann1976    
 
Barrett studied immunization of high-school students with combination 
Td-POLIPV vaccine using the American Hypospray® jet injector, finding 12 
percent to have a transient local erythema of “3+ severity”, defined as a 
reddened area of 80 square millimeters, with accompanying induration, heat, 
and tenderness.Barrett1962   
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9.3.5.1.5 Typhoid Vaccines 
Agafonov reported on typhoid vaccine via jet injection with a Soviet jet 
injector, finding the frequency of systemic reactions to the typhoid vaccine 
was 6.9%, while local reactions were 82% - 93%.Agafonov1978  Comparing jet 
injection with needle-syringe for other typhoid and typhoid-paratyphoid 
vaccines (TYDAKD and TYD-PTDTAB), Edwards found 82 - 88 percent of 
jet injection vaccinees had one or more local reactions (pain, erythema, heat, 
swelling, tenderness, induration, or nodes), compared to only 24 percent of 
needle-syringe recipients.Edwards1974  By 72 hours, only 8 percent of the 
jet-injected TYDAKD vaccinees and none of the TYD-PTDTAB vaccinees 
still had such local reactions.   
 

9.4 Intradermal Route of Vaccination 

9.4.1 Vaccines other than Influenza 
The intradermal (ID) route has been described in the literature for at least 16 different 
vaccine types.  There are numerous reports, of course, for those vaccines in which the 
ID route is the normal one, such as BCG,Chambon1970a, Chambon1970b, Chambon1970c, Collas1973, 

Carnus1973, Carnus1974, Fillastre1970  smallpox,Fenner1988  and combined BCG-smallpox vaccine. 
Vaughan1972, Vaughan1973  The intradermal route has also been studied with good results for 
killed vaccines such as typhoidTufts1931  and rabies,Briggs2000  the latter of which has been 
used widely for dose-sparing purposes in the developing world.Wilde2005  Generally good 
results have been reported for hepatitis B,Bryan1990  but not always,Coberly1994  while mixed 
results have been reported for cholera,McBean1972  hepatitis A,Brindle1994, Pancharoen2003, 

Pancharoen2005  and measles.Calafiore1966, Kok1983, deMoraes1994  Other vaccines studied rarely by 
this route include polio,Salk1953a, 1953b  meningococcal A, diphtheria-tetanus-pertussis, 
tetanus-diphtheria, tick-borne encephalitis, and Rift Valley fever).  
 
In addition, intradermal jet injection has been used to administer immunomodulators 
like interferon,Nathan1986 as well as tuberculin (purified protein derivative, PPD) for 
tuberculosis skin testing among patients of all ages.Bettag1967, Brólio1976, Cockburn1965, 

DePartearroyo1966, Dull1968, Hendrix1966, Luby1968, Marsallon1972, Morse1967, Neumann1973, Wijsmuller1975  
 

9.4.2 Influenza by Intradermal Needle Injection 
There is a substantial literature, since the 1930s, starting with Thomas Francis (of Salk 
polio vaccine trial fame),Francis1937  documenting the equivalence and occasionally 
improved immunogenicity of intradermal influenza vaccination by needle-syringe 
compared to larger doses by the subcutaneous and intramuscular routes. Bruyn1947, 

VanGelder1947, Weller1948, Bruyn1949a, Bruyn1949b, Edwards1958, Hilleman1958, Kirkham1958, Sanger1959, Stille1959, 

Beasley1960, Saslaw1964, Clark1965, Tauraso1969, Marks1971, Brown1977, Halperin1979, Spiegel1994a, Belshe2004, 

Kenney2004,   On the other hand, a few studies found ID influenza responses less then IM or 
SC on some or all of the antigens that were studied.Boger1957, Saslaw1963, Phillips1970, Sigel1975, 

Hutchinson1977, Herbert1979  
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9.4.3 Reduced-dose Influenza Vaccination by Different Routes 
When the same reduced dosage of influenza antigen was compared via the intradermal 
versus IM or SC routes, there were conflicting results from clinical trials.  Bruyn et al 
found GMTs in children receiving 0.2 mL intradermally of INF to be higher than those 
receiving the same dose SC,Bruyn1949a  as did Davies et al.Davies1969  and Tauraso et 
alTauraso1969  administering 0.1 mL by both routes.  Stille et al also found greater ID 
responses when administering small antigen masses, but conversely, SC responses 
exceeded ID ones when delivering larger doses.Stille1959  On the other hand, McCarroll et 
al,McCarroll1958  studying hospital employees 18 to 65 years of age, and Klein et al,Klein1961  
studying infants 2 months to 5 years of age, both found no difference in responses 
between the ID and SC routes.   
 
Regarding systemic reactions, among 101 infants from 2 months to 2 years of age 
receiving 0.1 mL of influenza vaccine in the Klein et al study, febrile reactions were 
reported among 34.7% (17/49) in the intradermal group and only 19.2% (10/52) in the 
subcutaneous group getting the same reduced dose.Klein1961  Similarly, local reactions of 
small areas of erythema and induration with 2 to 3 days of slight tenderness and itching 
were described for “all” intradermal participants (ages 2 month to 5 years, n = 96), 
while only 2 of 94 children vaccinated subcutaneously had local pain and induration. 
 

9.4.4 Influenza by Intradermal Needle-free Jet Injection 
The use of needle-free jet injectors to administer influenza vaccine intradermally (ID) 
has been studied and documented since the 1940s.Parker1948  Two studies of jet injected 
ID influenza vaccination in particular were performed.  Davies et al studied monovalent 
A2/Australia/54 and found significantly higher GMTs for 0.1 mL administered ID by JI 
(114) than for 0.5 mL by the SC route (75.8).Davies1969  Although there was no 
statistically significant difference between the proportion with a 4-fold titer rise in the JI 
ID group (58%) versus the full-dose SC one (40%).  On the other hand, Payler et al 
studied a trivalent product, administering 1.0 mL SC compared to 0.15 mL ID by JI, 
and found a trend to SC to be superior, but the difference did not reach statistical 
significance.Payler1974   
 

9.5 Influenza Disease Burden 
In 2004, recognizing the morbidity and mortality of influenza disease in young children, the 
Advisory Committee on Immunization Practices (ACIP) of the CDC first recommended 
universal vaccination of all children from the ages of 6 through 23 months, healthy and 
otherwise,CDC2004  and continues to recommend so in 2005.CDC2005  Similarly, the Pan 
American Health Organization encourages countries to introduce yearly seasonal influenza 
vaccination in routine programs for children from 6-23 months of age.PAHO2005   
 
Influenza causes both epidemic and pandemic disease with the 1918-19 pandemic as the 
most devastating, with an estimated 40-50 million deaths worldwide.Nicholson2003  In the 
United States, influenza is associated with an average of 36,000 underlying respiratory and 
circulatory deaths annually and more than 200,000 hospitalizations.Thompson2003   
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Each year between 5% and 20% of the population is infected with influenza.Monto1986  Based 
on the 1980 population, among persons age <20 years, the annual burden of influenza in the 
United States includes an average of:  

•  13.8 to 16.0 million excess influenza-related illnesses 
•  152.0 to 176.4 million excess influenza-related illness days 
•  47.1 to 54.7 million excess influenza-related excess bed and restricted activity 

days.  
 
Among persons age >20 years, the annual burden of influenza in the United States is on 
average:  

•  4.1 to 4.4 million excess influenza-related illnesses 
•  65.7 to 70.6 million excess influenza related illness days 
•  16.6 to 17.9 million excess influenza-related excess bed and restricted activity 

days Sullivan1993 
 

About 90% of influenza-associated deaths occur among persons aged 65 years and older.  
The influenza-attributable mortality rate for persons aged 85 years and up is significantly 
higher as compared to persons 65 to 69 years.Thompson 2003   
 

Table 1 

Estimated Annual Influenza Associated Mortality 
1990-91 Through 1998-99 Seasons 1 

Age Group Rate  
per 100,00 person-years 

<1 0.6 
1-4 0.4 
5-49 0.5 
50-64 7.5 
>65 98.3 

Total 13.8 
1 Underlying respiratory and circulatory deaths 
Source:  Unpublished, CDC 
(http://inside.nip.cdc.gov/divisions/isd/irl/dis_ep_burd.asp) 

 
 
Influenza A (H3N2) viruses are associated with the highest annual rates of influenza-
associated hospitalizations. Persons aged 65 and up have the highest rates of influenza-
associated hospitalization followed by children younger than 5.  
 
On average 94,735 primary pneumonia and influenza hospitalizations, 133,900 any listed 
pneumonia and influenza hospitalizations, and  226,054 primary respiratory and circulatory 
hospitalizations per year occur in the US.Thompson 2004   
 

http://inside.nip.cdc.gov/divisions/isd/irl/dis_ep_burd.asp
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Table 2 

Age-Specific Annual Average Numbers and Rates of  
Influenza-Associated Hospitalizations 1 

Age Groups Number Rate 
<5 20,031 107.9 

5-49 34,867   20.8 
50-64 29,447   83.8 
65-69 18,301 189.7 
70-74 26,501 321.2 
75-79 27,516 431.1 
80-84 28,578 686.1 
>85 40,813 1194.9 

Total 226,054 88.4 
1 Respiratory and circulatory hospitalizations, primary 
Source: Unpublished, CDC 
(http://inside.nip.cdc.gov/divisions/isd/irl/dis_ep_burd.asp) 
ACIP 2005 RecommendationsCDC2005 

 

9.5.1 Epidemiology of Influenza in Dominican Republic and Caribbean 
The epidemiology of influenza in the Dominican Republic is atypical in that this 
Caribbean island experiences transmission more-or-less year round as a consequence of 
virus introductions from tourists escaping winters in North America from October 
through March, and winters in South America from April through September (personal 
communication, Dr. Jesús Feris Iglesias, 2005).  There is scant quantitative data 
available, however, on influenza incidence from the Dominican Republic or from its 
neighbor, Haiti, on the island of Hispaniola. 
 
General health indicators for the Dominican Republic are summarized by 
PAHO.PAHO2004  The estimated infant (0-12 months) mortality rate between 1995 and 
2000 was 40 per 1,000 live births (l.b.).  In 1999, the leading cause of morbidity in such 
infants was acute respiratory infection (668.8 per 1,000 l.b.), followed by acute 
diarrheal diseases (329.3), and parasitoses (138.5).  In children 1-4 years, respiratory 
infections were also the leading cause of illness at 221.2 cases per 1,000 population, 
followed by acute diarrheal diseases (69.4).  The immunization infrastructure performed 
well, with the proportion of infants less than one year of age immunized with POLOPV, 
DTP, and TUBBCG measured at 87%, 72%, and 96%, respectively.  Influenza vaccine is 
not a routine antigen included in the public immunization program in the Dominican 
Republic. 
 
Puerto Rico, another island about 100 km to the east, does have somewhat more 
epidemiologic data on influenza, which may be relevant to the Dominican Republic 
because of geographic, climatic, and cultural similarities.  Among Puerto Rican children 
less than 6 years of age, the rate of influenza incidence in the selected years 1987, 1989, 
1992, 1994, and 1996 was 8.1, 38.1, 12.7, 6.6, and 2.4, respectively, per 100 persons, 
suggesting substantial morbidity and great year-to-year variation.PuertoRico2005   

http://inside.nip.cdc.gov/divisions/isd/irl/dis_ep_burd.asp
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Among the English-speaking Caribbean members of the Caribbean Epidemiology 
Center (CAREC), which does not include the Dominican Republic, acute respiratory 
infections decreased over time, but still remain a leading cause of death in children 1-4 
years of age, with an age-adjusted rate of 30 per 100,000 in 1980 and 5 per 100,000 in 
1995. Holder2000  In 2000 and 2001, a total of 71,201 and 60,236 influenza cases, 
respectively, were reported from the 20 CAREC member countries.   
 
On Jamaica, an island 400 km to the southwest of the Dominican Republic, a study of 
etiologic agents of acute respiratory infections determined the proportion in 83 
malnourished children.Christie1990  Influenza virus was isolated from 14% (12 of 83), 
second only to parainfluenza viruses (18%), and more frequent than adenovirus (12%), 
RSV in 8%, and Mycoplasma in 8%.  During the 1918-19 influenza pandemic, the virus 
was noted to have swept through the Caribbean and resulted in an estimated 100,000 

deaths.Killingray1994   
 

9.6 Objectives and Rationale for Study 

9.6.1 Study Objectives 
This study intends to demonstrate a dose-sparing intradermal (ID) method to allow 
larger numbers of young children to be protected when supplies of influenza vaccine are 
limited, and to prove the principle that needle-free jet injection can obviate the cost, 
time, expertise, and difficulty administering ID injections by the Mantoux needle-
syringe method.  DCJIs thus also avoid this and other drawbacks and dangers of needle-
syringe injections, such as safe sharps disposal, unsterile reuse, and needlestick injury.   
 

9.6.2 Rationale 
 
This study will provide new clinical data on the degree of safety and immunogenicity of 
protecting young children from influenza by a needle-free reduced-dose route.  It would 
provide information essential for developing country public health officials, 
immunization programs, and clinicians who must make difficult policy decisions as 
they face likely vaccine shortages in the inevitable pandemic of influenza of the future.   
 
There is already a large body of data on the immunogenicity and reactogenicity of 
intradermal administration of INF vaccine by needle-syringe (see sections 9.4.2 and 
9.4.3), and prior studies of this route using needle-free jet injection in adultsDavies1969  
and in schoolchildrenPayler1974  (see section 9.4.4).  But there is none in the intended age 
group of 6-to-24 month old children.  This study will fill that gap for an age group at 
high risk for morbidity and death from influenza disease.   
 

9.6.3 Intended / Potential Use of Study Findings 
Proving the concept of dose-sparing by intradermal (ID) injection could provide a 
useful strategy for public health policymakers in developing countries to protect their 
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populations against pandemic influenza threats for which vaccine supplies are likely to 
be in short supply.  Demonstrating that needle-free jet injectors can accomplish this ID 
delivery quickly and easily without the risks of needlestick accidents can provide a 
valuable logistical tool for mass campaigns.   
 
Although the particular intradermal spacer to be utilized in this study is a proprietary 
design of the jet injector manufacturer, the concept of creating a gap between a jet 
injector nozzle and the skin to achieve intradermal delivery by weakening a standard 
perpendicular jet stream may be considered prior art and thus no longer patent-
protectable.  It has been long described in the scientific literature and applied in the field 
with various jet injectors (section 9.3.1).Meyer1964, Kalabus1967, Dull1968, Zsigmond1999a, 

Zsigmond1999b, Sugibayashi2000  This precedent provides “freedom to operate” for various 
manufacturers to adapt and study their devices in achieving ID delivery.  Thus, the 
findings of this study may spur further competitive research and development to pursue 
a safer, needle-free administration route for influenza and perhaps other antigens.   
 

9.6.4 Research Questions 
 

1. Will the investigational study arm of children receiving two doses of 0.1 mL of 
influenza vaccine administered ID demonstrate non-inferiority to the immune 
responses achieved by the control study arm of children receiving two 
conventional, full-doses of 0.25 mL administered IM by needle-syringe? 
(Primary endpoint: proportion of participants achieving inverse titer of ≥40 on 
hemagglutination inhibition assay for each virus strain in the vaccine.)  

 
2. What will be the safety profile of jet-injected, reduced-dose, intradermal 

influenza vaccination (erythema, induration, limb swelling, bleeding, and other 
local and systemic reactions) delivered by DCJI using an investigational spacer 
for ID delivery?   

 
3. Will an investigational study arm of children receiving two reduced doses of 0.1 

mL of vaccine administered IM by needle-syringe demonstrate non-inferiority to 
the immune responses achieved by the control arm of children receiving 
conventional, full-dose 0.25 mL administered by the same method in the same 
target tissue (obviating any need for intradermal delivery to achieve dose 
sparing)?  

 

10. Investigational Plan 

10.1 Overall Study Design and Plan 
The study is a randomized, double-blinded, controlled, phases I and II clinical vaccine trial 
of safety and immunogenicity, among children enrolled at ≥9 -to- <24 months of age.  It will 
compare using a non-inferiority statistical model two standard doses in this age group of 
0.25 mL of a commercial, trivalent, inactivated, split-virus product administered 
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13. List of Associated Documents 
• Protocol – Spanish version 
• Informed Consent Form - Spanish 
• Informed Consent Form - English translation 
• Participant Identification Form (PIF) 
• Enrollment Log /  Participant Inscription Form 
• Study Staff Responsibilities and Signatures Registry and Log 
• Case Report Form (CRF) 
• Parent’s Diary Form, Vaccination 1, Days 0 – 7 
• Parent’s Diary Form, Vaccination 1, Days 7 – 28 
• Parent’s Diary Form, Vaccination 2, Days 0 – 7 
• Parent’s Diary Form, Vaccination 2, Days 7 – 28 
• Serious Adverse Event Form (SAE) 
• Data Clarification Form 

 
 

14. References 
{AAFP1999}   American Academy of Family Physicians.  Combination vaccines for childhood 

immunization.  Recommendations of the Advisory Committee on Immunization Practices 
(ACIP), the American Academy of Pediatrics (AAP), and the American Academy of Family 
Physicians (AAFP).   Am Fam Physician 1999;59:2565-74.  [URL link to CDC1999] 

{AAP1999}   American Academy of Pediatrics.  Combination vaccines for childhood immunization.  
Recommendations of the Advisory Committee on Immunization Practices (ACIP), the American 
Academy of Pediatrics (AAP), and the American Academy of Family Physicians (AAFP).   
Pediatrics  1999;103:1064-10.  [URL link to CDC1999]  

Agafonov VI, Babkin EI, Bulatova TI, Gamleshko GP, Gapochko KG.  Bezygol'nyi metod immunizatsii 
assotsiirovannymi sorbirovannymi vaktsinami [Jet method of immunizing with associated 
adsorbed vaccines]. Voenno-meditsinskii Zhurnal [Military Medical Journal] (Russia) Dec 
1974;(12):44-48. 

Agafonov VI, Bulatova TI, Gamleshko KhP, Gapochko KG, Gorodetskii RD.  Effektivnost' kompleksnoi 
immunizatsii briushnotifoznoi vaktsinoi s poliana-toksinom v sochetanii s chumnym i ospennym 
antigenam [Effectiveness of comprehensive immunization with typhoid fever vaccine and 
polyanatoxin in combination with plague and small pox antigens].  Voenno-meditsinskii Zhurnal 
[Military Medical Journal] (Russia) Oct 1978;(10):51-4.  

Aguiar JC, Hedstrom RC, Rogers WO, Charoenvit Y, Sacci JB Jr, Lanar DE, Majam VF, Stout RR, 
Hoffman SL.  Enhancement of the immune response in rabbits to a malaria DNA vaccine by 
immunization with a needlefree jet device.  Vaccine 2001;20:275–280.  

Amara RR, Villinger F, Altman JD, Lydy SL, O’Neil SP, Staprans SI, Montefiori DC, Xu Y, Herndon 
JG, Wyatt LS, Candido MA, Kozyr NL, Earl PL, Smith JM, Ma HL, Grimm BD, Hulsey ML, 
Miller J, McClure HM, McNicholl JM, Moss B, and Robinson HL: Control of a mucosal 
challenge and prevention of AIDS by a multiprotein DNA/MVA vaccine. Science 2001;292:69–
74.  



HIRRC/CDC Needle-free Intradermal 
Influenza Study - CDC-ISO-4785 

Page 105 
of 122 

File: 4785-ID-INF-ProtocolEnglish-2006Mar05.doc 
2006-Mar-05

 
Amara RR, Smith JM, Staprans SI, Montefiori DC, Villinger F, Altman JD, O'Neil SP, Kozyr NL, Xu Y, 

Wyatt LS, Earl PL, Herndon JG, McNicholl JM, McClure HM, Moss B, Robinson HL.  Critical 
role for Env as well as Gag-Pol in control of a simian human immunodeficiency virus 89.6P 
challenge by a DNA prime/recombinant modified vaccinia virus Ankara vaccine. J Virol  
2002;76: 6138-6146.   

Amato Neto V, Finger H, Gotschlich EC, Feldman RA, de Avila CA, Konichi SR, Laus WC.  Serologic 
response to serogroup C meningococcal vaccine in Brazilian preschool children.  Rev Inst Med 
Trop São Paulo 1974;16(3):149-153.   

Anderson EA, Lindberg RB, Hunter DH.  Report of large-scale field trial of jet injection in immunization 
for influenza.  JAMA  1958;167(5):549-552. 

Aoki FY, Yací A, Cheang M, Murdzak C, Hammond GW, Sekla LH and Wright B.  Effects of 
acetaminophen on adverse effects of influenza vaccination in health care workers.  Can Med 
Assoc J  1993;149(10):1425-1430. 

Artenstein MS, Branche WC Jr, Zimmerly JG, Cohen RL, Tramont EC, Kasper DL, Harkins C.  
Meningococcal infections. 3. Studies of group A polysaccharide vaccines.  Bull World Health 
Organ. 1971;45(3):283_6. 

Aventis Pasteur 2005.  [Canada 2005-2006 season] Product Monograph – VAXIGRIP® Inactivated 
Influenza Vaccine Trivalent Types A and B (Split Virion).  Canadian Submission Control no. 
099191, Date of Approval: July 26, 2005. pp. 33 
[http://198.73.159.214/statics/vaccines/english/Vaxigrip_E.pdf]   

Avison J.  Influenza vaccination [letter].  Brit Med J  10 Nov 1973;4(5888):358. 

{Aylward1995a}   Aylward B, Lloyd J, Zaffran M, McNair-Scott R, Evans P.  Reducing the risk of 
unsafe injections in immunization programmes: financial and operational implications of various 
injection technologies.  Bull World Health Organ  1995;73(4):531-40.  

{Aylward1995b}   Aylward B, Kane M, McNair-Scott R, Hu DJ, Hu DH. Model-based estimates of the 
risk of human immunodeficiency virus and hepatitis B virus transmission through unsafe 
injections  Int J Epidemiol 1995;24(2):446-452  [erratum 1996 Jun;25(3):688]. 

Babiuk S, Baca-Estrada ME, Foldvari M, Baizer L, Stout R, Storms M, Rabussay D, Widera G, Babiuk L.  
Needle-free topical electroporation improves gene expression from plasmids administered in 
porcine skin.  Mol Ther  Dec 2003;8(6):992-998. 

Baizer L, Stout RR, Widera G, Babiuk S, Babiuk L.  Biojector needle-free injection enhances immune 
responses to a DNA vaccine.  American Association of Pharmaceutical Sciences Annual Meeting 
and Exposition, 2001, poster abstract T3391. AAPS Pharm Sci  2001;3(3) 
(http://www.aapspharmaceutica.com/search/abstract_view.asp?id=1529&ct=01Abstracts)  

Baer CH, Bennett WM, Folwick DA, Erickson RS.  Effectiveness of a jet injection system in 
administering morphine and heparin to healthy adults.  American Journal of Critical Care, 
January 1996;5(1):42-48. 

Barouch DH, Santra S, Steenbeke TD, Zheng XX, Perry HC, Davies ME, Freed DC, Craiu A, Strom TB, 
Shiver JW, Letvin NL. Augmentation and suppression of immune responses to an HIV-1 DNA 
vaccine by plasmid cytokine/Ig administration. J Immunol. 15 Aug 1998;161(4):1875-82.   

{Barouch2000a}   Barouch DH, Craiu A, Kuroda MJ, Schmitz JE, Zheng XX, Santra S, Frost JD, 
Krivulka GR, Lifton MA, Crabbs CL, Heidecker G, Perry HC, Davies ME, Xie H, Nickerson CE, 

http://198.73.159.214/statics/vaccines/english/Vaxigrip_E.pdf
http://www.aapspharmaceutica.com/search/abstract_view.asp?id=1529&ct=01Abstracts


HIRRC/CDC Needle-free Intradermal 
Influenza Study - CDC-ISO-4785 

Page 106 
of 122 

File: 4785-ID-INF-ProtocolEnglish-2006Mar05.doc 
2006-Mar-05

 
Steenbeke TD, Lord CI, Montefiori DC, Strom TB, Shiver JW, Lewis MG, Letvin NL. 
Augmentation of immune responses to HIV-1 and simian immunodeficiency virus DNA vaccines 
by IL-2/Ig plasmid administration in rhesus monkeys. Proc Natl Acad Sci U S A.  11 Apr 
2000;97(8):4192-7.  

{Barouch2000b}   Barouch DH, Santra S, Schmitz JE, Kuroda MJ, Fu TM, Wagner W, Bilska M, Craiu 
A, Zheng XX, Krivulka GR, Beaudry K, Lifton MA, Nickerson CE, Trigona WL, Punt K, Freed 
DC, Guan L, Dubey S, Casimiro D, Simon A, Davies ME, Chastain M, Strom TB, Gelman RS, 
Montefiori DC, Lewis MG, Emini EA, Shiver JW, Letvin NL. Control of viremia and prevention 
of clinical AIDS in rhesus monkeys by cytokine-augmented DNA vaccination. Science  20 Oct 
2000;290(5491):486-92. 

Barrett CD.  Automated multiple immunization against diphtheria, tetanus and poliomyelitis.  J Sch 
Health 1962, 32, 48-50.   

Beasley AR, Sigel MM, Schlaepfer GG, Edwards HK, Mangels M Jr, Wellings FM.  Antibody responses 
of children to Asian influenza vaccine.  J Fla Med Assoc. May 1960;46:1367-71. 

Belshe RB, Newman FK, Cannon J, Duane C, Treanor J, Van Hoecke C et al. Serum antibody responses 
after intradermal vaccination against influenza. N Engl J Med. November 25, 
2004;351(22):2286–2294. 

Bennett CR, Mundell RD, Monheim LM. Studies on tissue penetration characteristics produced by jet 
injection. J Am Dent Assoc 1971; 83(3):625-629. 

Bennett J, Nichols F, Rosenblum M, Condry J.  Subcutaneous administration of midazolam: a comparison 
of the Bioject jet injector with the conventional syringe and needle.  J Oral Maxillofac Surg  1998 
Nov;56(11):1249-1254.  

Beran J, Prymula R, Chlíbek R, Rychlý R, Špliňo M, Douda P, Gál P.  Evaluation of reactogenicity and 
immunogenicity of two influenza vaccines (Vaxigrip and Fluarix) in the season 1996-1997.  
Central European Journal of Public Health  Nov 1998;6(4):269-273. 

Bettag OL, Hall C.  Mantoux tuberculin testing - Standard method vs. jet injection.  Diseases of the Chest  
May 1967;51(5):530-536. 

Biedenbender RD, Petijean S, Dorsch K, Stebler B, McConville M, Singleton M, Fowler C, Regan S, 
Galacia-Castillo M, Vij S, Freund B, Deng Y, Myers J, Gravenstein S.  Reactogenicity following 
influenza vaccination by double-blind (DB), randomized placebo controlled (RPC) intradermal 
(ID) needless [sic] jet injector (Bioject®) compared to intramuscular (IM) injection in 
institutionalized frail elderly volunteers.  New York: American Geriatrics Society Annual 
Scientific Meeting, Washington, DC, 8-12 May 2002 (poster abstract).   

Binkin N, Band J.  Epidemic of meningococcal meningitis in Bamako, Mali: epidemiological features and 
analysis of vaccine efficacy.  Lancet  1982;2:315-318. 

Bioject, Inc.  Guide to selection and use of Biojector syringes.  Biojector2000® Needle-free Injection 
Management System™.  Portland, OR: Bioject, Inc. 1997 (product labeling document 171-0134-
00 Rev C 5/97) (http://www.bioject.com). 

Birmingham, K.  Research that delivers results.  GAVI Immunization Focus  November 2000;:6-7 
<http://childrensvaccine.org/files/ImmFocusnov2000.pdf>. 

Boger WP, Liu OC.  Subcutaneous and intradermal vaccination with Asian influenza vaccine.  J Am Med 
Assoc. 30 Nov 1957;165(13):1687–1689. 

http://www.bioject.com
http://childrensvaccine.org/files/ImmFocusnov2000.pdf


HIRRC/CDC Needle-free Intradermal 
Influenza Study - CDC-ISO-4785 

Page 107 
of 122 

File: 4785-ID-INF-ProtocolEnglish-2006Mar05.doc 
2006-Mar-05

 
Boulianne N, De Serres G, Duval B, Shadmani R, Rochette L.  Clinical manifestations and incidence of 

oculo-respiratory syndrome following influenza vaccination—Quebec, 2000.  Canada 
Communicable Disease Report  15 May 2001;27(10):85-90. 

Bråve A, Ljungberg K, Boberg A, Rollman E, Isaguliants M, Lundgren B, Blomberg P, Hinkula J, 
Wahren B.  Multigene/multisubtype HIV-1 vaccine induces potent cellular and humoral immune 
responses by needle-free intradermal delivery.  Molecular Therapy, available online 22 August 
2005, in press, corrected proof. 

Briggs DJ, Banzhoff A, Nicolay U, Sirikwin S, Dumavibhat B, Tongswas S, Wasi C.  Antibody response 
of patients after postexposure rabies vaccination with small intradermal doses of purified chick 
embryo cell vaccine or purified Vero cell rabies vaccine.  Bull World Health Organ 2000;78:693-
698. 

Brindle RJ, Morris CA, Berger R, Kurtz JB.  Inadequate response to intradermal hepatitis A vaccine.  
Vaccine 1994 May ;12(6):483-4.  

Brólio R, Veronesi R, Mazza CC, Feldman C, Focaccia R, Cardoso Alves HA.  Viabilidade da aplicacão 
do teste tuberculínico com o dermo-jet [Value of the tuberculin test applied with the Dermo-jet].  
Rev Saúde Publica (Brazil) 1976 Sep;10(3):219-226. 

Brown H, Kasel JA, Freeman DM, et al.  The immunizing effect of influenza A/New Jersey/76 (Hsw1N1) 
vaccine administered intradermally and intramuscularly to adults.  Journal of Infectious Disease 
1977;136(Suppl 2):S466-S471. 

Bruyn HB, Meiklejohn G, Brainerd HD.  The use of influenza virus vaccine in children.  Proceedings of 
the Western Society for Clinical Research, San Francisco.  Am J Med  November 1947;4:622. 

{Bruyn1949a}   Bruyn H, Meiklejohn G, Brainerd H.  Influenza vaccination: a comparison of antibody 
response obtained by various methods of administration.  J Immunol 1949;62:1. 

{Bruyn1949b}   Bruyn H, Meiklejohn G, Brainerd H.  Influenza vaccine: A study of serologic responses 
and incidence of reactions following subcutaneous and intradermal inoculation.  Am J Dis Child, 
1949;77:149. 

Bryan JP, Sjogren MH, Perine PL, Legters LJ.  Low-dose intradermal and intramuscular vaccination 
against hepatitis B.  Clin Infect Dis   March 1992;14(3):697-707. 

Buge SL, Ma H-L, Amara RR, Wyatt LS, Earl PL, Villinger F, Montefiori DC, Staprans SI, Xu Y, Carter 
E, O’Neil SP, Herndon JG, Hill E, Moss B, Robinson HL, McNicholl JM.  GP120-alum boosting 
of a gag-pol-env DNA/MVA AIDS vaccine:  Poorer control of a pathogenic viral challenge.  
AIDS Res and Hum Retroviruses  2003;19(10):891–900. 

{Canada2000}  Public Health Agency of Canada.  Oculo-respiratory syndrome in association with the 
influenza vaccine: Canada, october-november 2000.  Canada Communicable Disease Report.  1 
December 2000;23(26):201-202. 

{Canada2001a}  Public Health Agency of Canada.  Supplementary statement on influenza vaccination: 
continued use of fluviral® influenza vaccine in the 2000-2001 season.  An Advisory Committee 
Statement (ACS), National Advisory Committee on Immunization (NACI).  Canada 
Communicable Disease Report.  2001;27(ACS-1):1-3. 

{Canada2001b}  Public Health Agency of Canada.   Statement on influenza vaccination for the 2001-
2002 season.  An Advisory Committee Statement (ACS), National Advisory Committee on 
Immunization (NACI).  Canada Communicable Disease Report.  2001;27(ACS-4):1-24. 



HIRRC/CDC Needle-free Intradermal 
Influenza Study - CDC-ISO-4785 

Page 108 
of 122 

File: 4785-ID-INF-ProtocolEnglish-2006Mar05.doc 
2006-Mar-05

 
Canter J, Mackey K, Good LS, Roberto RR, Chin J, Bond WW et al. An outbreak of hepatitis B 

associated with jet injections in a weight reduction clinic. Arch Intern Med 1990; 150(9):1923-
1927. 

Carnus H.  Ped-o-jet et viabilité du BCG [Ped-O-Jet and the viability of BCG].  Médecine Tropicale 
(Marseille) 1973;33:20-23. 

Carnus H.  Influence du Ped-o-jet sur la viabilité du vaccin BCG intradermique lyophilisé: étude au 
laboratoire [Influence of Ped-O-Jet on the viability of lyophilized BCG intradermal vaccine: a 
laboratory study].  Bull World Health Organ  1974;51(1):101-102. 

Cartier R, Ren SV, Walther W, Stein U, Lewis A, Schlag PM, Li M, Furth PA.  In vivo gene transfer by 
low-volume jet injection.  Anal Biochem  2000;282:262-265. 

{CDC1986}   Centers for Disease Control.  Hepatitis B associated with jet gun injection - California. 
Morb Mortal Wkly Rep  1986;35(23):373-376. 

{CDC1999}   Centers for Disease Control and Prevention.  Combination vaccines for childhood 
immunization.  Recommendations of the Advisory Committee on Immunization Practices 
(ACIP), the American Academy of Pediatrics (AAP), and the American Academy of Family 
Physicians (AAFP).   Morb Mortal Wkly Rep, 1999;48(No. RR-4):1-15.  
[http://www.cdc.gov/mmwr/PDF/rr/rr4805.pdf] 

{CDC2002}   Centers for Disease Control and Prevention.  General Recommendations on Immunization: 
Recommendations of the Advisory Committee on Immunization Practices (ACIP) and the 
American Academy of Family Physicians (AAFP).  Morb Mortal Wkly Rep  February 8, 
2002;51(No. RR-2):12-13.   

{CDC2004}  Centers for Disease Control and Prevention. Prevention and control of influenza: 
Recommendations of the Advisory Committee on Immunization Practices (ACIP).  MMWR 
Recommendations and Reports (RR-6)  2004;53:1-40 
(http://www.cdc.gov/mmwr/PDF/rr/rr5306.pdf). 

{CDC2005}  Centers for Disease Control and Prevention. Prevention and control of influenza: 
Recommendations of the Advisory Committee on Immunization Practices (ACIP). MMWR 
Recommendations and Reports (RR-6)  29 July 2005;54:1-40 
(http://www.cdc.gov/mmwr/PDF/rr/rr5408.pdf).  

{Chambon1970a}  Chambon L, Barme M, Tommasi U-B, Bres P, Gauthier M.  Étude de l'utilisation d'un 
injecteur sans aiguille pour la vaccination B.C.G. intradermique [The use of an injector without 
needle for intradermal BCG vaccination].  Médecine Tropicale (Marseille)  Nov-Dec 
1970;30(6):809-828. 

{Chambon1970b}   Chambon L, Barme M, Tommasi UB, Bres P, Gauthier M.  Étude de l'utilisation d'un 
injecteur sans aiguille pour la vaccination B.C.G. intradermique [The use of an injector without 
needle for intradermal BCG vaccination].  Geneva: World Health Organization, document 
WHO/TB/70.83, 1970.   

{Chambon1970c}   Chambon L, Tommasi UB, Barme M, Robin Y, Breul D, Brès P, Heym C.  
Vaccination associée BCG-fièvre jaune avec un injecteur du type Ped-O-Jet [BCG and yellow 
fever vaccination with a Ped-O-Jet injector].  Xe Conférence Techn. OCCGE (Organisation de 
Coopération et de Coordination pour la Lutte Contre les Grandes Endémies), 20-24 April 1970, 
Bobo-Dioulasso, vol. I, pp. 282-288.  

http://www.cdc.gov/mmwr/PDF/rr/rr4805.pdf
http://www.cdc.gov/mmwr/PDF/rr/rr5306.pdf
http://www.cdc.gov/mmwr/PDF/rr/rr5408.pdf


HIRRC/CDC Needle-free Intradermal 
Influenza Study - CDC-ISO-4785 

Page 109 
of 122 

File: 4785-ID-INF-ProtocolEnglish-2006Mar05.doc 
2006-Mar-05

 
Choi AH-C, Smiley K, Basu M.  Induction of immune responses and partial protection in mice after skin 

immunization with rotavirus VP6 protein and the adjuvant LT(R192G). Vaccine. 2005 Mar 
18;23(17-18):2290-3. 

Chow SC, Shao J.  Statistics in Drug Research.  New York, NY: Marcel Dekker, 2002.    

Chow S-C, Shao J, Wang H, eds.  Sample size calculations in clinical research. New York, NY: Marcel 
Dekker, Inc.  2003.  

Christie CD, Heikens GT, Black FL.    Acute respiratory infections in ambulatory malnourished children: 
a serological study.  Trans R Soc Trop Med Hyg. 1990 Jan-Feb;84(1):160-1. 

Clark ML, Reinhardt H, Miller MC, Wilson R.  Polyvalent influenza vaccine: comparison of jet injection 
with intradermal and subcutaneous syringe methods of administration.  Journal of Laboratory and 
Clinical Medicine.  1965;66:34-41. 

Coberly JS, Townsend T, Repke J, Fields H, Margolis H, Halsey NA.  Suboptimal response following 
intradermal hepatitis B vaccine in infants.  Vaccine 1994 Aug; 12(11):984-7. 

Cockburn TA, Witt MT, Ludlow CE, Macleod KIE.  A comparison of jet injection with the mantoux test 
in mass skin testing with tuberculin.  Am Rev Respir Dis  July-December 1965;92:982-985. 

Cockshott WP, Thompson GT, Howlett LJ, Seeley ET. Intramuscular or intralipomatous injections? New 
Engl J Med 1982; 307(6):356-358. 

Collas R, Wright J.  Vaccination par le BCG au moyen d’un injecteur sous pression sans aigulle (Ped-O-
Jet) [BCG vaccination by means of a needle-less pressure injector (Ped-O-Jet).  Geneva: World 
Health Organization, document WHO/TB/73, 1973. 

CPMP1997.  Committee for Proprietary Medicinal Products (CPMP).  Note for guidance on 
harmonization of requirements for influenza vaccines.  London: European Agency for the 
Evaluation of Medicinal Products, Human Medicines Evaluation Unit,  12 March 1997, 
document: CPMP/BWP/214/96 [http://www.emea.eu.int/pdfs/human/bwp/021496en.pdf]. 

{Cui2003}   Cui Z, Baizer L, Mumper RJ.  Intradermal immunization with novel plasmid DNA-coated 
nanoparticles via a needle-free injection device.  J Biotechnol 2003;102(2):105-115.   [Biojector® 
2000 with “appropriate” (for mouse) intradermal spacer] 

Davies JW, Simon WR. Antibody response to influenza immunization by jet injection.  Can J Public 
Health 1969;60(3):104-108. 

Davis HL, Michel M-L, Mancini M, Schleef M, Whalen RG.  Direct gene transfer in skeletal muscle: 
plasmid DNA-based immunization against the hepatitis B virus surface antigen.  Vaccine 
1994;12(16):1503-1509. 

Davis HL, McCluskie MJ, Gerin JL, Purcell RH.  DNA vaccine for hepatitis B: evidence for 
immunogenicity in chimpanzees and comparison with other vaccines.  Proc Natl Acad Sci U S A.  
9 July 1996;93(14):7213-7218. 

de Moraes JC, Leon ME, Souza VA, Pannuti C, Travisanello C, Halsey NA, de Quadros CA.  Intradermal 
administration of measles vaccines.  Bull Pan Am Health Organ 1994;28:(3):250-255.  

De Partearroyo R, Ruiz Benítez G.  Consideraciones sobre el tuberculino-diagnóstico.  Estudio 
comparativo del Mantoux y la jeringuilla Dermo-Jet [Considerations on the diagnostic tuberculin 
test. Comparative study of the Mantoux test and the Dermo-jet syringe].  Rev Clin Esp (Spain)  
31 Jan 1966;100(2):119-125. 

http://www.emea.eu.int/pdfs/human/bwp/021496en.pdf


HIRRC/CDC Needle-free Intradermal 
Influenza Study - CDC-ISO-4785 

Page 110 
of 122 

File: 4785-ID-INF-ProtocolEnglish-2006Mar05.doc 
2006-Mar-05

 
de Quadros CA, Hersh BS, Nogueira AC, Carrasco PA, da Silveira CM.  Measles eradication: experience 

in the Americas.  Bull World Health Organ  1998;76(Suppl 2):47-52.  

{DEI} Departamento de Enfermedades Infecciosas.  Estadísticas de la Sección de Epidemiologia del 
Departamento de Enfermedades Infecciosas de la CIRRC.  Santo Domingo: Clínica Infantil Dr. 
Robert Reid Cabral, November, 1995.   

De Serres G, Boulianne N, Duval B, Rochette L, Grenier JL, Roussel R, Donaldson D, Tremblay M, Toth 
E, Ménard S, Landry M, Robert Y.  Oculo-respiratory syndrome following influenza vaccination: 
evidence for occurrence with more than one influenza vaccine.  Vaccine 2003;21:2346-2353. 

De Serres G, Toth E, Ménard S, Grenier JL, Roussel R, Tremblay M, Landry M, Robert Y, Rochette L, 
Skowronski DM.  Oculo-respiratory syndrome after influenza vaccination: trends over four 
influenza seasons.  Vaccine 2005;23:3726-3732.   

Dodson, K.  Risk of blood-borne pathogen transmission for jet injectors and needles and syringes in 
parenteral immunizations and a comparison of the direct and indirect costs associated with their 
use.  (Report submitted in partial fulfillment for the degree of Master of Public Health).  Atlanta: 
Department of International Health, Rollins School of Public Health, Emory University, August, 
1997:1-43. 

Dull HB, Herring LL, Calafiore D, Berg G, Kaiser, RL.  Jet injector tuberculin skin testing:  Methodology 
and results.  Am Rev Respir Dis  1968;97:38-45. 

Edwards EA, Johnson DP, Pierce WE, and Peckinpaugh RO. Reactions and serologic responses to 
monovalent acetone-inactivated typhoid vaccine and heat-killed TAB when given by jet injection. 
Bull World Health Organ  1974;51:501-505. 

Edwards HK, Wellings FM, Colwell FO, Kiem I, Sigel MM.  Immunization against influenza in industry.  
Ind Med Surg. 1958 Dec;27(12):638-40.   

Ehrengut W, Allerdist H, Erdmann G.  Clinical reactions to an adsorbed killed trivalent influenza vaccine 
(including A/New Jersey 8/76 antigen) with different immunization methods.  Dev Biol Stand.  1 
June 1977;39:283-287. 

Englund JA, Walter EB, Fairchok MP, Monto AS, Neuzil KM.  A comparison of 2 influenza vaccine 
schedules in 6- to 23-month-old children.  Pediatrics  2005;115:1039-1047.  

Epstein JE, Gorak EJ, Charoenvit Y, Wang R, Freydberg N, Osinowo O, Richie TL, Stoltz EL, 
Trespalacios F, Nerges J, Ng J, Fallarme-Majam V, Abot E, Goh L, Parker S, Kumar S, Hedstrom 
RC, Norman J, Stout R, Hoffman SL.  Safety, tolerability, and lack of antibody responses after 
administration of a PfCSP DNA malaria vaccine via needle or needle-free jet injection, and 
comparison of intramuscular and combination intramuscular/intradermal routes.  Hum Gene Ther. 
1 Sept 2002;13(13):1551-1560. 

Evans LS, et al.  Microsphere encapsulation or Biojector system delivery enhances adjuvanted DNA 
vaccines in Rhesus macaques.  Corixa, Inc. and Oregon Regional Primate Research Center 
(poster data, 2001)  

Evans LS, Lewinsohn DM, Johnson M, Pefaur N, Baizer L, Grabstein KM, and Mossman SP.  
Microsphere encapsulation or Biojector™ delivery enhances adjuvanted DNA vaccines in rhesus 
machaques.  Journal of Medical Primatology  2002;31(4-5):298.   



HIRRC/CDC Needle-free Intradermal 
Influenza Study - CDC-ISO-4785 

Page 111 
of 122 

File: 4785-ID-INF-ProtocolEnglish-2006Mar05.doc 
2006-Mar-05

 
Farrington CP, Manning G. Test statistics and sample size formulae for comparative binomial trials with 

null hypothesis of non-zero risk difference or non-unity relative risk.  Statistics in Medicine 
1990;9:1447-1454.   

{FDA1997}   Food and Drug Administration.  510(k) clearance no. K960373 for Biojector® 2000 Needle-
free Injection Management System, 5 March 1997.  Washington, DC, Department of Health and 
Human Services (http://www.fda.gov/cdrh/pdf/K960373.pdf). 

{FDA1998}   Food and Drug Administration.  Guidance for Industry: E9 Statistical Principles for 
Clinical Trials.  Rockville, MD: U.S. Department of Health and Human Services, September 
1998, pp. 1-43 (http://www.fda.gov/cder/guidance/ICH_E9-fnl.pdf). 

{FDI2001}   Fundación Dominicana de Infectología, Inc. Sensibilidad de los principales 
microorganismos aislados en hemocultivos en el DEI de la CIRRC, Enero-Diciembre 2000. Santo 
Domingo, Rep. Dominicana.  Infectología 2001;3(1):2. 

Fenner F, Henderson DA, Arita I, Je〉ek Z, Ladnyi ID.  Chapter 9.  Development of the global smallpox 
eradication programme, 1958-1966 (pp. 365-419; particularly p. 406);  Chapter 11. Smallpox 
vaccine and vaccination in the intensified smallpox eradication programme (pp. 539-592; 
particularly pp. 573-580);  Chapter 12. South America (pp.  593-625; particularly pp. 600-622);  
Chapter 13.  Indonesia (pp.  627-657; particularly p. 641);  Chapter 17.  Western and Central 
Africa (pp.  849-909).  In: Smallpox and its Eradication, Geneva: World Health Organization, 
1988 (ISBN 92 4 156110 6) 
(http://www.who.int/emc/diseases/smallpox/Smallpoxeradication.html) 

Fernandez J, Balter S, Feris J, Gomez E, Garib Z, Castellanos PL, Sanchez J, Romero-Steiner S, Levine 
O.  The immunogenicity of fractional-dose regimens of PRP-T of Haemophilus influenzae type b 
vaccination.  Washington, D.C.: American Society of Microbiology, 39th Interscience 
Conference on Antimicrobial Agents and Chemotherapy, 26-29 September 1999, San Francisco 
(abstract no. 380). 

{Fernandez2000a}   Fernandez J,  Levine OS,  Sanchez J,  Balter S,  LaClaire L,  Feris J,  Romero-Steiner 
S.  Prevention of Haemophilus influenzae type b colonization by vaccination: correlation with 
serum anti-capsular IgG concentration.  J Infect Dis. 2000 Nov;182(5):1553-6.  

{Fernandez2000b}  Fernandez J,  Balter S,  Feris J,  Gomez E,  Garib Z,  Castellanos PL, Sanchez J, 
Romero-Steiner S, Levine OS.  Randomized trial of the immunogenicity of fractional dose 
regimens of PRP-T Haemophilus influenzae type b conjugate vaccine.  Am J Trop Med Hyg. 
2000 Apr;62(4):485-90.  

Fine B, Castillo R, McDonald T, Paisansathan C, Zsigmond E, Hoffman WE.  Jet injector compared with 
oral midazolam for preoperative sedation in children.  Paediatric Anaesthesia  2004:14(9):739-
743. 

Fisch A, Cadilhac P, Vidor E, Prazuck T, Dublanchet A, Lafaix C. Immunogenicity and safety of a new 
inactivated hepatitis A vaccine: a clinical trials with comparison of administration route. Vaccine 
1996;14:1132-1136.   

Florentine BD, Frankel K, Raza A, Cobb CJ, Greaves T, Carriere C, Martin S.  Local anesthesia for fine-
needle aspiration biopsy of palpable breast masses: the effectiveness of a jet injection system.  
Diagnostic Cytopathology 1997;17(6):472-476.  

Francis T, McGill T.  The antibody response of human subjected vaccinated with the virus of human 
influenza.  J Exper Med 1937;65:251. 

http://www.fda.gov/cdrh/pdf/K960373.pdf
http://www.fda.gov/cder/guidance/ICH_E9-fnl.pdf
http://www.who.int/emc/diseases/smallpox/Smallpoxeradication.html


HIRRC/CDC Needle-free Intradermal 
Influenza Study - CDC-ISO-4785 

Page 112 
of 122 

File: 4785-ID-INF-ProtocolEnglish-2006Mar05.doc 
2006-Mar-05

 
Fukuda K, Levandowski RA, Bridges CB, Cox NJ.  Inactivated influenza vaccines.  In: Plotkin SA, 

Orenstein WA, eds.  Vaccines 4th ed.  Philadelphia, PA:  Saunders [Elsevier]; 2004, p. 339-370.   

Gardner MA, Stout R, Segarra V, Redmond M, Milne L.  North Carolina clinical survey: Implementation 
of the Bioject needle-free injection management system™ into North Carolina’s state public 
health system.  Portland, Oregon: Bioject, Inc., 5 March 1997. 

Gerbert J, Burns S, Liedtke LL.  Anesthesia blocks of the lower extremity - comparing the Biojector® 
with needle and syringe.  J Am Podiatric Med Assoc 1996;86(5):195-204.  

Goldsby RA, Kindt TJ, Kuby J, Osborne BA.  Immunology, Fifth Edition.  New York: W.H. Freeman & 
Company, 2003, pp. 603.   

Gomez E,  Moore A,  Sanchez J,  Kool J,  Castellanos PL,  Feris JM,  Kolczak M,  Levine OS.  The 
epidemiology of Haemophilus influenzae type b carriage among infants and young children in 
Santo Domingo, Dominican Republic.  Pediatr Infect Dis J. 1998 Sep;17(9):782-6.  

Gomez E, Peguero M, Sanchez J, Castellanos PL, Feris J, Pena C, Brudzinski-LaClaire L, Levine OS.  
Population-based surveillance for bacterial meningitis in the Dominican Republic: implications 
for control by vaccination.  Epidemiol Infect. 2000 Dec;125(3):549-54.  

Gonzalez M, Pirez MC, Ward E, Dibarboure H, García A, Picolet H.  Safety and Immunogenicity of a 
paediatric presentation of an influenza vaccine.  Arch Dis Child  2000;83:488-491.   

{Gotschlich1972a}   Gotschlich EC, Rey M, Triau R, Sparks KJ. Quantitative determination of the human 
immune response to immunization with meningococcal vaccines. J Clin Investigation 
1972;51:89-96.  

{Gotschlich1972b}   Gotschlich EC, Rey M, Etienne J, Sanborn WR, Triau R, Cvjetanovi… B. The 
immunological responses observed in field studies in Africa with group A meningococcal 
vaccines. Prog Immunobiol Stand 1972;5:485-491.  

Gramzinski RA, Millan CL, Obaldia N, Hoffman SL, Davis HL.  Immune response to a hepatitis B DNA 
vaccine in Aotus monkeys:  A comparison of vaccine formulation, route, and method of 
administration.  Molecular Medicine  1998;4: 109–118.  

Greenberg RS, Maxwell LG, Zahurak M, Yaster M. Preanesthetic medication of children with midazolam 
using the Biojector jet injector. Anesthesiology 1995;83(2):264-269. 

Greenwood BM, Wali SS.  Control of meningococcal infection in the African meningitis belt by selective 
vaccination.  Lancet 1980-;1:729-732.   

Gross PA Ennis FA, Gaerlan PD. Denning CR, Setia U, Davis WjJ Bisberg DS.  Comparison of new 
Triton X-100 - and Tween-ether-treated split-product vaccines in children.  J Clin Microbiol  Nov 
1981;14(5):534-538.  [investigational Fluzone® compared to Parke-Davis Fluogen®] 

Halperin W, Weiss WI, Altman R, Diamond MA, et al.  A comparison of the intradermal and 
subcutaneous routes of influenza vaccination with A/New Jersey/76 (Swine Flu) and 
A/Victoria/75: report of a study and review of the literature.  Am J Public Health 
1979;69(12):1247-1251.  

Harrop R, Connoly N, Redchenko I, Drury N, Ryan M, Kingsman SM, Hawkins RE, Carroll MW.  
Modified Vaccinia Ankara (MVA) expressing the tumour associated antigen 5T4 (TroVax) 
induces immune responses in late stage colorectal cancer patients in a phase I/II clinical trial.  94th 
Annual Meeting, American Association of Cancer Research, 11-14 July 2003, Washington, DC 
[poster] [press release: http://www.oxfordbiomedica.co.uk/news/2003-ob-13.htm].   

http://www.oxfordbiomedica.co.uk/news/2003-ob-13.htm


HIRRC/CDC Needle-free Intradermal 
Influenza Study - CDC-ISO-4785 

Page 113 
of 122 

File: 4785-ID-INF-ProtocolEnglish-2006Mar05.doc 
2006-Mar-05

 
{HarropMs}   Harrop R, Connolly N, Redchenko I, Personnel C, Ryan MG, Myers KA, Drury N, 

Kingsman SM, Hawkins RE, Carroll MW..  Vaccination of late-stage colorectal cancer patients 
with attenuated vaccinia virus encoding the tumor associated antigen 5T4 (TroVax) induces both 
cellular and humoral immune responses  [submitted manuscript]. 

Hartikka J, Bozoukova V, Ferrari M, Sukhu L, Enas J, Sawdey M, Wloch MK, Tonsky K, Norman J, 
Manthorpe M, Wheeler CJ.  Vaxfectin enhances the humoral immune response to plasmid DNA-
encoded antigens.  Vaccine, 2001;19(15-16):1911-1923. 

Hendrickse RG, Montefiore D. Measles vaccination with reduced dosage. Br Med J 1968;3(622):28-30. 

Hendrix C, Nichols C, Hirsh L.  A new method of administering the tuberculin skin test.  Am J Public 
Health 1966 May;56(5):818-20.  

Herbert FA, Larke RP, Markstad EL. Comparison of responses to influenza A/New Jersey/76-
A/Victoria/75 virus vaccine administered intradermally or subcutaneously to adults with chronic 
respiratory disease.  J Infect Dis. August, 1979;140(2):234–238 

Hilleman MR, Flatley FJ, Anderson SA, Luecking ML, Levinson DJ.  Antibody response in volunteers to 
Asian influenza vaccine.  J Am Med Assoc  8 Mar 1958;166(10):1134-40. 

Hintze J.  NCSS and PASS. Number Cruncher Statistical Systems, Kaysville, Utah 
(http://www.ncss.com), release date 28 April 2005.   

Hoke CH, Binn LN, Egan JE, DeFraites RF, MacArthy PO, Innis BL, Eckels KH, Dubois D, D'Hondt E, 
Sjogren MH, Rice R, Sadoff JC, Bancroft WH.  Hepatitis A in the US Army: epidemiology and 
vaccine development.  Vaccine  1992;10(Suppl 1):S75-S79.   

Hoke CH Jr, Egan JE, Sjogren MH, Sanchez J, DeFraites RF, MacArthy PO, Binn LN, Rice R, Burke A, 
Hill J, et al. Administration of hepatitis A vaccine to a military population by needle and jet 
injector and with hepatitis B vaccine. J Infect Dis March 1995;171(Suppl 1):s53-s60.  

Holder Y, Brandon P.  Caribbean demographic and health trends: social and economic implications for 
the Twenty First Century.  Trinidad: Caribbean Epidemiology Center, 2000.  URL:  
http://www.carec.org/mortality/index.html (accessed  24 August 2005). 

Holding R, Carlsen W, et.al. Deadly Needles: A Global Crisis. San Francisco Chronicle 1998. Multiple 
articles:  
 http://www.sfgate.com/cgi-bin/article.cgi?f=/c/a/1998/10/27/MN52NEE.DTL, 

http://www.sfgate.com/cgi-bin/article.cgi?f=/c/a/1998/10/29/MN10NED.DTL, 
http://www.sfgate.com/cgi-bin/article.cgi?f=/c/a/1998/12/18/MN44912.DTL.  

Hutchinson P, Izumi T, Davidson W.  Influenza vaccines: intradermal administration.  Can Dis Wk Rep  
1977;3-28:110 

Ivannikov IuG, Efimenko IB, Marinich IG, Luk'ianov IuV, Naikhin AN.  Otsenka effektivnosti massovoi 
profilaktiki grippa s ispol'zovaniem inaktivirovannoi khromatograficheskoi vaktsiny v 
Leningrade [Evaluation of mass influenza prevention effectiveness using an inactivated 
chromatographic vaccine in Leningrad].  Zh Mikrobiol Epidemiol Immunobiol  Nov 
1980;(11):18-27 (UI: 81081779, PMID: 6449811).  

Jackson J, Dworkin R, Tsai T, McMullen R, Kuchmak N.  Comparison of antibody response and patient 
tolerance of yellow fever vaccine administered by the Biojector® needle-free injection system 
versus conventional needle/syringe injection.  International Society of Travel Medicine 
Conference, Paris, 1993. 

http://www.ncss.com
http://www.carec.org/mortality/index.html
http://www.sfgate.com/cgi-bin/article.cgi?f=/c/a/1998/10/27/MN52NEE.DTL
http://www.sfgate.com/cgi-bin/article.cgi?f=/c/a/1998/10/29/MN10NED.DTL
http://www.sfgate.com/cgi-bin/article.cgi?f=/c/a/1998/12/18/MN44912.DTL


HIRRC/CDC Needle-free Intradermal 
Influenza Study - CDC-ISO-4785 

Page 114 
of 122 

File: 4785-ID-INF-ProtocolEnglish-2006Mar05.doc 
2006-Mar-05

 
Jackson LA, Austin G, Chen RT, Stout R, DeStefano F, Gorse GJ, Newman FK, Yu O, Weniger BG.  

Vaccine Safety Datalink Study Group.  Safety and immunogenicity of varying doses of trivalent 
inactivated influenza vaccine administered by needle-free jet injectors.  Vaccine  2001;19:4703-
4709.  

Jacobs, L.  First, do no harm.  GAVI Immunization Focus  March 2001;:2-5 
<http://childrensvaccine.org/files/ImmFocusmar2001.pdf>. 

Kalabus F, Sansarricq H, Lambin P, Proulx J, Hilleman MR.  Standardization and mass application of 
combined live measles-smallpox vaccine in Upper Volta.  Am J Epidemiol  1967;86(1):93-111.  
[spacer on IM/SC nozzle to produce intradermal jet injections] 

Kane A, Lloyd J, Zaffran M, Simonsen L, Kane M. Transmission of hepatitis B, hepatitis C and human 
immunodeficiency viruses through unsafe injections in the developing world: model-based 
regional estimates. Bull World Health Organ 1999; 77(10):801-807. 

Killingray D.  The influenza pandemic of 1918-1919 in the British Caribbean..  Soc Hist Med. 1994 
Apr;7(1):59-87. 

Kenney RT, Frech SA, Muenz LR, Villar CP, Glenn GM. Dose sparing with intradermal injection of 
influenza vaccine. N Engl J Med. November 25, 2004;351(22):2295–2301. 

Kirkham LJ.  Asiatic influenza in a midwestern town: with a comparison of intradermal and subcutaneous 
vaccination.  J Iowa State Med Soc  Nov 1958;48(11):593-598.  

Klein M, Huang M.  The response of infants and children to Asian influenza vaccine administered by 
intradermal and subcutaneous routes.  J Pediatr  Mar 1961;58:312-314.   

Koenig HM, Paisansathan C, Albrecht RF 2nd, Zsigmond EK.  Jet injection of local anesthetic decreases 
pain of arterial cannulation in awake neurosurgical patients.  J Neurosurg Anesthesiol. 2004 
Apr;16(2):156-9. 

Kok P, Kenya P, Ensoring H.  Measles immunization with further attenuated heat-stable measles vaccine 
using five different methods of administration.  Trans R Soc Trop Med Hyg  1983;77:171-176.  

La Montagne JR, Fauci AS.  Intradermal influenza vaccination: Can less be more?  New Engl J Med  
2004;351(22):2330-2332.   

Lemon SM, Scott RM, Bancroft WH.  Subcutaneous administration of inactivated hepatitis B vaccine by 
automatic jet injection.  J Med Virol 1983;12:129-136.   

Lennette, EH, and Schmidt NJ.  General principles for laboratory diagnoses of viral, rickettsial, and 
chlamydial infections, p. 7-14.  In: E. H. Lennette, D. A. Lennette, and E. T. Lennette (ed.), 
Diagnostic procedures for viral, rickettsial, and chlamydial infections, 7th ed. American Public 
Health Association, Washington, DC, 1995. 

Lenz TR. Foreign body granuloma caused by jet injection of tetanus toxoid.  Rocky Mountain Med J 
1966;63:48.   

Lina B, Fletcher MA, Valette M, Saliou P, Aymard M.  A TritonX-100-split virion influenza vaccine is 
safe and fulfills the committee for proprietary medicinal products (CPMP) recommendations for 
the European Community for Immunogenicity, in Children, Adults and the Elderly.  Biologicals. 
2000 Jun;28(2):95-103. 

http://childrensvaccine.org/files/ImmFocusmar2001.pdf


HIRRC/CDC Needle-free Intradermal 
Influenza Study - CDC-ISO-4785 

Page 115 
of 122 

File: 4785-ID-INF-ProtocolEnglish-2006Mar05.doc 
2006-Mar-05

 
Ledwith BJ, Manam S, Troilo PJ, Barnum AB, Pauley CJ, Griffiths TG 2nd, Harper LB, Beare CM, 

Bagdon WJ, Nichols WW.  Plasmid DNA vaccines: investigation of integration into host cellular 
DNA following intramuscular injection in mice.  Intervirology. 2000;43(4-6):258-272.  

Lipson MJ, Carver DH, Morton GE, Hingson RA, Robbins FC. Antibody response to poliomyelitis 
vaccine administered by jet injection. American Journal of Public Health 1958; 48(5):599-603. 

Luby JP, Kaiser RL, Herring LL, Dull HB.  Jet injector tuberculin skin testing: a comparative evaluation. 
Quantitative aspects.  Am Rev Respir Dis 1968;97:46-53. 

McIntosh K, Orr I, Andersen M, Arthur JH, Blakeman GJ.  Response of normal children to influenza 
A/New Jersey/76 virus vaccine administered by jet injector.  J Infect Dis 1977;136 Suppl:S584-7. 

Manam S, Ledwith BJ, Barnum AB, Troilo PJ, Pauley CJ, Harper LB, Griffiths TG 2nd, Niu Z, Denisova 
L, Follmer TT, Pacchione.  Plasmid DNA vaccines: Tissue distribution and effects of DNA 
sequence adjuvants and delivery method on integration into host DNA.  Intervirology 
2000;43:273–81. 

Marks MI, Eller JJ.  Intradermal influenza immunization.  Experience with Hong Kong vaccine. Am Rev 
Respir Dis  Apr 1971;103(4):579–581. 

Marsallon, Magnin, Jego, Richer.  Intradermo-réaction tuberculinique et vaccination B.C.G. 
intradermique par injecteur à jet sous pression [Tuberculin intradermo-reaction and intradermal 
B.C.G. vaccination by pressure jet injector].  Rev Corps Santé Armées Terre Mer Air (France)  
Feb 1972;13(1):57-61. 

Marshall JL, Hawkins MJ, Tsang KY, Richmond E, Pedicano JE, Zhu MZ, Schlom J.  Phase I study in 
cancer patients of a replication-defective avipox recombinant vaccine that expresses human 
carcinoembryonic antigen.  J Clin Oncol  Jan 1999;17(1):332-337.  

Marshall JL, Hoyer RJ, Toomey MA, Faraguna K, Chang P, Richmond E, Pedicano JE, Gehan E, Peck 
RA, Arlen P, Tsang KY, Schlom J.  Phase I study in advanced cancer patients of a diversified 
prime-and-boost vaccination protocol using recombinant vaccinia virus and recombinant 
nonreplicating avipox virus to elicit anti-carcinoembryonic antigen immune responses.  J Clin 
Oncology  1 Dec 2000;18(23):3964-3973.  

Matheï C, Van Damme P, Meheus A. Hepatitis B vaccine administration: comparison between jet-gun 
and syringe and needle. Vaccine 1997 March;15(4):402-4.   

McBean AM, Agle AN, Compaore P, Foster SO, McCormack WM.  Comparison of intradermal and 
subcutaneous routes of cholera vaccine administration.  Lancet 1972 March 4;1(7749):527-9. 

McCarroll J, Kilbourne ED  Immunization with Asian-strain influenza vaccine: equivalence of the 
subcutaneous and intradermal routes.  N Engl J Med  25 Sep 1958;259(13):618-621.   

McKenzie NE.  Evaluation of a new, wearable precision phase-change thermometer in neonates.  Ped 
Nursing  Mar-Apr 2003;29(2):117-125  [TraxIt™]. 

Medical Indicators.  TRAXIT® wearable thermometer.  Technical safety and manufacturing information.  
Pennington, NJ  08534, USA:  Medical Indicators, Inc., 2004 
(http://medicalindicators.com/pdf/Trax-FC-Tech-bulletin.pdf).  

Meyer HM, Hostetler DD, Bernheim BC, Rogers NG, Lambin P, Chassary A et al. Response of Volta 
children to jet inoculation of combined live measles, smallpox and yellow fever vaccines. Bull 
World Health Organ 1964; 30:783-794.  [spacer on IM/SC nozzle to produce intradermal jet 
injections] 

http://medicalindicators.com/pdf/Trax-FC-Tech-bulletin.pdf


HIRRC/CDC Needle-free Intradermal 
Influenza Study - CDC-ISO-4785 

Page 116 
of 122 

File: 4785-ID-INF-ProtocolEnglish-2006Mar05.doc 
2006-Mar-05

 
Millar JD, Foege WH.  Status of smallpox eradication (and measles control) in West and Central Africa.  

J Infect Dis  1969;120:725-732. 

Mohammed I, Zaruba K.  Control of epidemic meningococcal meningitis by mass vaccination.  Lancet  
11 July 1981;2[8237]:80-83.   

Mohammed I, Obineche EN, Onyemelukwe GC, Zaruba K.  Control of epidemic meningococcal 
meningitis by mass vaccination. I. Further epidemiological evaluation of groups A and C 
vaccines in northern Nigeria.  J Infect  1984;9(2):190-6. 

Monto AS, Koopman JS, Bryan ER.  The Tecumseh Study of Illness. XIV. Occurrence of 
respiratory viruses, 1976-1981.  Am J Epidemiol  Sep 1986;124(3):359-367.  

Morse DC, Hall A, Kaluzny A, Runde RH.  Comparative tuberculin testing.  Intradermal gun versus 
intradermal needle.  Amer Rev Resp Dis 1967;96:107-110.  

Mossman SP, Evans LS, Johnson M, Baizer L, Grabstein KM, Lewinsohn DM.  Microsphere 
encapsulation or Biojector delivery enhances adjuvanted DNA vaccines in Rhesus macaques.  
Modern Vaccines, Adjuvants, & Delivery Systems, MVADS 2003, 4-6 June 2003, Dublin, 
Ireland (Meetings Management, Ltd). 

Mumper RJ, Cui Z. Genetic immunization by jet injection of targeted pDNA-coated nanoparticles.  
[review].  Methods  Nov 2003;1(3):255-262. 

Nathan CF, Kaplan G, Levis WR, Nusrat A, Witmer MD, Sherwin SA, Job CK, Horowitz CR, Steinman 
RM, Cohn ZA.  Local and systemic effects of intradermal recombinant interferon-gamma in 
patients with lepromatous leprosy.  N Eng J Med  July 1986;315(1):6-15.  

Neumann G.  Tuberkulinproben bei Erwachsenen. Vergleich von Jet-Injektion (Hypospray) und 
Stempeltest (Tubergen) [Tuberculin tests in adults. Comparison between jet-injection 
(Hypospray) and tine technic (Tubergen)].  Prax Pneumol (Germany)  Jun 1973;27(6):337-346. 

Nichol KL, Margolis KL, Lind A, Murdoch M, McFadden R, Hauge M, Magnan S, Drake M.  Side 
effects associated with influenza vaccination in healthy working adults: a randomized, placebo-
controlled trial.  Arch Int Med  1996;156:1546-1550. 

Nicholson KG, Wood JM, Zambon M.  Influenza.  Lancet  2003;362:1733-1745. 

{NIP2005a}  National Immunization Program.  Needle-free Injection Technology. [website]  Atlanta, 
GA: Centers for Disease Control and Prevention.  URL: 
http://www.cdc.gov/nip/dev/jetinject.htm. [last accessed 2005-Sep-30]. 

{NIP2005b}  National Immunization Program.  Needle-free Injection Technology: Bibliographic 
References, Device & Manufacturer Roster, Patents List, and General/Miscellaneous Resources.  
Atlanta, GA: Centers for Disease Control and Prevention.  URL: 
http://www.cdc.gov/nip/dev/jetinject.htm#bibliography [last accessed 2005-Sep-30]. 

O'Neill E, Martinez I, Villinger F, Rivera M, Gascot S, Colon C, Arana T, Sidhu M, Stout R, Montefiori 
DC, Martinez M, Ansari AA, Israel ZR, Kraiselburd E.  Protection by SIV VLP DNA 
prime/protein boost following mucosal SIV challenge is markedly enhanced by IL-12/GM-CSF 
co-administration.  J Med Primatol. 31 Aug 2002;31(4-5):217-27. 

{PAHO2004}  Pan American Health Organization.  Country health profile: Dominican Republic.  
Washington, DC: Pan American Health Organization, Area of Health Analysis and Information 

http://www.cdc.gov/nip/dev/jetinject.htm
http://www.cdc.gov/nip/dev/jetinject.htm#bibliography


HIRRC/CDC Needle-free Intradermal 
Influenza Study - CDC-ISO-4785 

Page 117 
of 122 

File: 4785-ID-INF-ProtocolEnglish-2006Mar05.doc 
2006-Mar-05

 
Systems, Technical Information System: Regional Mortality Database,  2004.  URL: 
http://www.paho.org/English/DD/AIS/cp_214.htm (accessed 23 August 2005). 

{PAHO2005}  Pan American Health Organization.  Uptake of seasonal influenza in the Americas (The 
unfinished agenda of immunizations: Lessons learned with seasonal influenza vaccination).  
Presentation by Dr. Jon Andrus at Preparedness Planning for Influenza Pandemic with Vaccine 
Suppliers Meeting, Washington, DC, 21 November 2005.  
http://www.paho.org/English/AD/FCH/IM/2005DC_InfluenzaPandemic_presentations.htm 
(accessed 5 December 2005) 

Palmer DF, Dowdle WR, Coleman MT, Schild GC. Advanced laboratory techniques for influenza 
diagnosis. US Department of Health, Education and Welfare, Immunology series no. 6. Atlanta: 
Centers for Disease Control and Prevention, 1975. 

Pancharoen C, Thisyakorn U, Herzog C, Wilde H.  Evaluation of reduced dose intradermal versus 
intramuscular administration of a virosomal hepatitis A vaccine in healthy school children. 43rd 
Interscience Conference on Antimocrobial Agents and Chemotherapy (ICAAC), Chicago, 14-17 
September 2003, abstract KV 9822.  

Pancharoen C, Mekmullica J, Thisyakorn U, Kasempimolporn S, Wilde H, Herzog C.  Reduced-dose 
intradermal vaccination against hepatitis A with an aluminum-free vaccine is immunogenic and 
can lower costs.  Clinical Infectious Diseases  2005;41:1537-1540.  

Parent du Châtelet I, Lang J, Schlumberger M, Vidor E, Soula G, Genet A et al. Clinical immunogenicity 
and tolerance studies of liquid vaccines delivered by jet-injector and a new single-use cartridge 
(Imule): comparison with standard syringe injection. Imule Investigators Group. Vaccine 1997; 
15(4):449-458.   

Parker V. Jet gun or syringe? A trial of alternative methods of BCG vaccination. Public Health 
1948;98(6):315-320. 

Payler DK, Skirrow, MB.  Intradermal influenza vaccination.  British Med Journal 1974;2:727. 

Perricone M.  Drug delivery technologies for gene-based cancer vaccines.  SRI Drug Delivery 
Technologies (conference), 2001 (Genzyme, Inc.)   

Phero JC.  Subcutaneous administration of midazolam: a comparison of the Bioject jet injector with the 
conventional syringe and needle [discussion].  J Oral Maxillfac Surg  1998;56:1254.   

Philippines Cholera Committee. A controlled field trial on the effectiveness of the intradermal and 
subcutaneous administration of cholera vaccine in the Philippines. Bull World Health Organ 
1973; 49(4):389-394. 

Phillips CA, Forsyth BR, Christmas WA, Gump DW, Whorton EB, Rogers I, Rudin A.  Purified 
influenza vaccine: clinical and serologic responses to varying doses and different routes of 
immunization.  J Infect Dis. 1970 Jul-Aug;122(1):26-32.   

Poland GA, Borrud A, Jacobson RM, McDermott K, Wollan PC, Brakke D, Charboneau JW.  
Determination of deltoid fat pad thickness. Implications for needle length in adult immunization.  
JAMA  1997;277(21):1709-11.  

Polillio AM, Kiley J.  Does a needleless injection system reduce anxiety in children receiving 
intramuscular injections?  Pediatric Nursing Jan-Feb 1997;23(1):46-9. 

{PuertoRico2005}  Secretaría Auxiliar de Planificación y Desarrollo, División de Evaluación.  
Tendencias generales de condiciones agudas.  San Juan: Departamento de Salud, Estado Libre 

http://www.paho.org/English/DD/AIS/cp_214.htm
http://www.paho.org/English/AD/FCH/IM/2005DC_InfluenzaPandemic_presentations.htm


HIRRC/CDC Needle-free Intradermal 
Influenza Study - CDC-ISO-4785 

Page 118 
of 122 

File: 4785-ID-INF-ProtocolEnglish-2006Mar05.doc 
2006-Mar-05

 
Asociado de Puerto Rico.  URL: http://www2.salud.gov.pr/PDFs/estVitales/TGCA.pdf (accessed 
24 August 2005).   

Rao SS, Gomez P, Mascola JR, Dang V, Krivulka GR, Yu F, Lord CI, Shen L, Bailer R, Nabel GJ, Letvin 
NL.  Comparative evaluation of three different intramuscular delivery methods for DNA 
immunization in a nonhuman primate animal model.  Vaccine  2005 (in press; preprint ahead of 
publication). 

Raviprakash K, Ewing D, Simmons M, Porter KR, Jones TR, Hayes CG, Stout R, Murphy GS.  Needle-
free Biojector injection of a dengue virus type 1 DNA vaccine with human immunostimulatory 
sequences and the GM-CSF gene increases immunogenicity and protection from virus challenge 
in Aotus monkeys.  Virology  2003;315(2):345-352. 

Reiniš M.  Technology evaluation: TroVax, Oxford BioMedica.  Current Opinion in Molecular 
Therapeutics 2004 6(4):436-442. 

Reis EC, Jacobson RM, Tarbell S, Weniger BG. Taking the sting out of shots: control of vaccination-
associated pain and adverse reactions. Pediatr Ann 1998; 27(6):375-386. 

Rennels MB, Deloria MA, Pichichero ME, Losonsky GA, Englund JA, Meade BD, Anderson EL, 
Steinhoff MC, Edwards KM.  Extensive swelling after booster doses of acellular pertussis-
tetanus-diphtheria vaccines.  Pediatrics 2000;105(1):e12 [6 pages]. 
http://www.pediatrics.org/cgi/content/full/105/1/e12. 

Rey M, Triau R. Essais de primo-vaccination antitétanique en un temps avec une anatoxine concentrée 
inoculée par injecteurs sans aiguille (Note preliminaire) [Trial of a single antitetanus primary 
vaccination with a concentrated antitoxin inoculated with needle-free injectors (preliminary note)] 
Bulletin de la Société Médicale d’Afrique Noire de Langue Française 1967;12(2):230-239.   

Rey M, Diop Mar I, Gbezo P, Sow A. Vaccination de masse antitétanique en Afrique [Mass antitetanus 
vaccination in Africa]. La Nouvelle Presse médicale (France). 24 Feb 1973;2(8):514. [Ped-O-Jet, 
tetanus]   

Rey JL, Soubiran G, Fayet MT, Triau R. Évaluation sérologique d'une campagne de vaccination 
antiméningococcique de masse au Niger. [Serological evaluation of an antimeningococcal mass 
vaccination campaign in Niger]. Bull Soc Pathol Exot Filiales (France) 1989;82(2):248-254.  

Roberts TE.  Influenza vaccination [Letter].  Br Med J  22 December 1973;4:738. 

Rogers WO, Baird JK, Kumar A, Tine JA, Weiss W, Aguiar JC, Gowda K, Gwadz R, Kumar S, Gold M, 
Hoffman SL.  Multistage multiantigen heterologous prime boost vaccine for Plasmodium 
knowlesi malaria provides partial protection in rhesus macaques.  Infection and Immunity Sep 
2001;69(9):5565-5572.   

Rogers WO, Weiss WR, Kumar A, Aguiar JC, Tine JA, Gwadz R, Harre JG, Gowda K, Rathore D, 
Kumar S, Hoffman SL.  Protection of rhesus macaques against lethal Plasmodium knowlesi 
malaria by a heterologous DNA priming and poxvirus boosting immunization regimen.  Infect 
Immun. 2002 Aug;70(8):4329-4335.   

Rondón M, Fernández J, Santana G, Sánchez J, Feris, JM, Pérez E.  Comportamiento de la enfermedad 
meningocócica en el Departamento de Enfermedades Infecciosas de la Clínica Infantil Dr Robert 
Reid Cabral 1996-1997.  Un análisis comparativo  [Menigococcal disease in the Department of 
Infectious Diseases of the Dr. Robert Reid Cabral Children’s Hospital, 1996-1997.  A 
comparative analysis].  Archivos Dominicanos de Pediatría.  1998;34(3):54-60. 

http://www2.salud.gov.pr/PDFs/estVitales/TGCA.pdf
http://www.pediatrics.org/cgi/content/full/105/1/e12


HIRRC/CDC Needle-free Intradermal 
Influenza Study - CDC-ISO-4785 

Page 119 
of 122 

File: 4785-ID-INF-ProtocolEnglish-2006Mar05.doc 
2006-Mar-05

 
Rossier E, Heiz R.  Essai clinique d'un vaccin mixte contre la diphterie le tetanos et la coqueluche, 

administre par voie intradermique au moyen du "Dermo-Jet" [Clinical trial of a mixed vaccine 
against diphtheria tetanus and whooping cough, administered intradermally by "Dermo-Jet"]. 
Schweiz Med Wochenschrift (Switzerland) Oct 1968;98(41):1602-1608.   

Ruben FL, Smith EA, Foster SO, Casey HL, Pifer JM, Wallace RB, Atta AI, Jones WL, Arnold RB, 
Teller BE, Shaikh ZQ, Lourie B, Eddins DL, Doko SM, Foege WH. Simultaneous administration 
of smallpox, measles, yellow fever, and diphtheria-pertussis-tetanus antigens to Nigerian 
children. Bull World Health Organ 1973;48(2):175-181.   

Sadagopal S, Amara RR, Montefiori DC, Wyatt LS, Staprans SI, Kozyr NL, McClure HM, Moss B, 
Robinson HL.  Signature for long-term vaccine-mediated control of a simian and human 
immunodeficiency virus 89.6P challenge: stable low-breadth and low-frequency T-cell response 
capable of coproducing gamma interferon and interleukin-2.  J Virology   March 
2005;79(6):3243–3253.  

Saliou P, Arnoux S, Delore V, Deroche C, Dumas R, Salamand C, Pepin-Covatta S.  Clinical trial 
experience with trivalent inactivated, split influenza vaccine (Vaxigrip®) in children.  23rd 
Annual Meeting of the European Society for Paediatric Infectious Diseases (ESPID), Valencia, 
Spain, 18-20 May 2005.  Poster abstract [pools results from Gonzales2000 and unpublished 
manufacturer data from Vaxigrip® studies GRT04, GRT11 and GRT51]. 

{Salk1953a}   Salk JE.  Recent studies on immunization against poliomyelitis.  Pediatrics  1953;12:471-
482.   

{Salk1953b}   Salk JE.  Studies in human subjects on active immunization against poliomyelitis. I. A 
preliminary report of experiments in progress.  JAMA  1953;151:1081-98. 

Sanger MD, Immunization after intra dermal and subcutaneous injection of Asian influenza vaccine.  Ann 
Allergy.  Mar-Apr 1959;17(2):173-178.  

Sanofi-Pasteur.  Product Monograph VAXIGRIP® Inactivated Influenza Vaccine Trivalent Types A and 
B (Split Virion), 2005-2006 Formula [product insert].  Toronto, Canada:  Aventis Pasteur 
Limited.  July 26, 2005, submission control no. 099191 
[http://198.73.159.214/statics/vaccines/english/Vaxigrip_E.pdf].  

Sarno MJ, Blase E, Galindo N, Ramirez R, Schirmer CL, Trujillo-Juarez DF.  Clinical immunogenicity of 
measles, mumps and rubella vaccine delivered by the Injex jet injector: comparison with standard 
syringe injection.  Pediatr Infect Dis J. 2000 Sep;19(9):839-42.  

Saslaw S, Carlisle HN, Slutzker B.  Antibody response to polyvalent influenza virus vaccine administered 
intradermally or subcutaneously in an aged population. Am J Med Sci.  Apr 1963;245:387-398. 

Saslaw S, Carlisle HN.  Effect of dosage on antibody response to polyvalent influenza virus vaccine in an 
aged population.  Am J Med Sci.  1964 Sep;248:273-284.   

Scheifele, DW, Bjornson G, Johnston J.  Evaluation of adverse events after influenza vaccination in 
hospital personnel.  Can Med Assoc J  1990;142:127-130. 

Schlumberger M, Parent du Châtelet I, Lafarge H, Genet A, Gaye AB, Monnereau A, Sanou C, Diawara 
L, Gueye Y, Lang J.  Coût de l'injection d'anatoxine tétanique par injecteur sans aiguille (Imule) 
lors d’une vaccination collective au Senegal: comparaison avec l'injection par seringues et 
aiguilles restérilisables [Cost of tetanus toxoid injection using a jet-injector (Imule) in collective 
immunization in Senegal: comparison with injection using a syringe and resterilizable needle]. 
Santé  Sep-Oct 1999;9(5):319-326.   

http://198.73.159.214/statics/vaccines/english/Vaxigrip_E.pdf


HIRRC/CDC Needle-free Intradermal 
Influenza Study - CDC-ISO-4785 

Page 120 
of 122 

File: 4785-ID-INF-ProtocolEnglish-2006Mar05.doc 
2006-Mar-05

 
Schramm J, Mitragotri S.  Transdermal drug delivery by jet injectors: energetics of jet formation and 

penetration.  Pharm Res  Nov 2002;19(11):1673-1679. 

{SESPAS}   Secretaría del Estado de Salud Pública y Asistencia Social.  Cédula de Salud del Niño(a).  
Santo Domingo: Departamento Materno Infantil, undated [child’s health record card].   

Sigel MM, Edwards HK, Schlaepfer GA, Wellings RM, Beasley AR.  Preliminary findings on 
vaccination against Asian influenza [letter].  JAMA  1957;165(14):1860-1861.  

Simonsen L, Kane A, Lloyd J, Zaffran M, Kane M. Unsafe injections in the developing world and 
transmission of bloodborne pathogens: a review. Bull World Health Organ 1999; 77(10):789-800. 

Singh NP, Ogburn CE, Wolf NS, van Belle G, Martin GM.  DNA double-strand breaks in mouse kidney 
cells with age. Biogerontology  2001;2(4):261-70. 

Skowronski DM, De Serres G, Scheifele D, Russell ML, Warrington R, Davies HD, Dionne M, Duval B, 
Kellner J, MacDonald J.  Randomized, double-blind, placebo-controlled trial to assess the rate of 
recurrence of oculorespiratory syndrome following influenza vaccination among persons 
previously affected.  Clin Inf Dis  2003; 37:1059–66 

Skowronski DM, Bjornson G, Husain E, Metzger DL, Scheifele DW.  Oculorespiratory syndrome after 
influenza immunization in children.  Pediatr Infect Dis J  2005;24: 63–69.  

Smith BF, Baker HJ, Curiel DT, Jiang W, Conry RM.  Humoral and cellular immune responses of dogs 
immunized with a nucleic acid vaccine encoding human carcinoembryonic antigen.  Gene 
Therapy  Jul 1998;5(7):865-868.  

{Spiegel1994a}   Spiegel A, Lemardeley P, Germanetto P, Boutin JP, Desfontaine M, Lang J, Meyran M.  
Mini-Imojet® et vaccination anti-grippale dans les armées françaises.  Tolérance immédiate et 
faisabilité.  Actes: 4ème Séminaire International sur les Vaccinations en Afrique – « Bâtir des 
Partenariats Durables pour les Vaccinations en Afrique » [Proceedings: 4th International Seminar 
on Immunizations in Africa – “Building Durable Partnerships for Immunizations in Africa”], 
Yamoussoukro, Côte d’Ivoire, 13-16 March 1994.  Association pour l’Aide à la  Médecine 
Préventive.  Eds: Parent du Châtelet I, Schlumberger M, da Silva A, Stoeckel P.  Lyon: Fondation 
Mérieux Collection, 1994, p. 344-345.  

{Spiegel1994b}   Spiegel A, Moren A, Varaine F, Baudon D, Rey M.  Aspects épidémiologiques et 
contrôle des épidémies de méningite à méningocoque en Afrique [Epidemiological and control 
aspects of meningococcal meningitis epidemics in Africa].  Cahiers Santé  May-Jun 
1994;4(3):231-236. 

Stanfield JP, Bracken PM, Waddell KM, Gall D. Diphtheria-tetanus-pertussis immunization by 
intradermal jet injection. Br Med J 1972;2(807):197-199.   

Stille WT, Woolridge RL, Gundelfinger BF.  Antibody response to intracutaneous and subcutaneous 
influenza vaccination.  J Lab Clin Med  May 1959;53(5):751-754. 

Sugibayashi K, Kagino M, Numajiri S, Inoue N, Kobayashi D, Kimura M, Yamaguchi M, Morimoto Y.  
Synergistic effects of iontophoresis and jet injector pretreatment on the in-vitro skin permeation 
of diclofenac and angiotensin II.  J Pharm Pharmacol  2000;52(10):1179-1186. 

Sullivan KM, Monto AS, Longini IM Jr.  Estimates of the US health impact of influenza. Am J Public 
Health 1993; 83:1712-6.  



HIRRC/CDC Needle-free Intradermal 
Influenza Study - CDC-ISO-4785 

Page 121 
of 122 

File: 4785-ID-INF-ProtocolEnglish-2006Mar05.doc 
2006-Mar-05

 
Tauraso NM, Gleckman R, Pedreira FA, Sabbaj J, Yahwak R, Madoff MA.  Effect of dosage and route of 

inoculation upon antigenicity of inactivated influenza virus vaccine (Hong Kong strain) in man. 
Bull World Health Organ. 1969;41(3):507-16.  

Taunay AE, Galvao PA, de Morais JS, Gotschlich EC, Feldman RA.  Disease prevention by 
meningococcal serogroup C polysaccharide vaccine in preschool children: Results after eleven 
months in Sao Paulo, Brazil [abstract].  Pediatr Res 1974:8:429.   

Taunay AE, Feldman RA, Bastos CO, Galvao PAA, de Morais JS, Castro IO.  Avaliação do efeito 
protector de vacina polissacaridica antimeningococica da grupa C em crianças de 6 a 36 meses.  
Revista do Instituto Adolfo Lutz  1978;32:77-82.  

Terrero C, Feris JM, Sánchez J, Garib Z, Vásquez MT, de Jesús IL, Mena IA.  Incidencia de portadores 
asintomáticos de Neisseria meningitidis en un sector de Santo Domingo, República Dominicana.  
Archivos Dominicanos de Pediatría.  1998;34(1):6-9. 

Thompson WW, Shay DK, Weintraub E, et al.  Mortality associated with influenza and respiratory 
syncytial virus in the United States.  JAMA  2003;289:179-186.  

Thompson W, Shay DK, Weintraub E, Brammer L, Bridges CB, Cox NJ, Fukuda K. Influenza-
Associated Hospitalization in the United States. JAMA 2004;292:1333-40.)  

Timmerman JM, Singh G, Hermanson G, Hobart P, Czerwinski DK, Taidi B, Rajapaksa R, Caspar CB, 
Van Beckhoven A, Levy R.  Immunogenicity of a plasmid DNA vaccine encoding chimeric 
idiotype in patients with B-cell lymphoma.  Cancer Res. 15 Oct 2002;62(20):5845-52.    

Treanor J, Keitel W, Belshe R., et al.  Evaluation of a single dose of half strength inactivated influenzaa 
vaccine in healthy adults.  Vaccine 2002;20:1099-1105. 

Treanor J.  Weathering the influenza vaccine crisis.  New Engl J Med  2004;351:2038-2040. 

Tuft L.  Active immunization against typhoid fever, with particular reference to an intradermal method.  J 
Lab Clin Med  March 1931;16:552-556. 

Van Gelder D, Greenspan F, Dufresne N.  Influenza vaccination: comparison of intracutaneous and 
subcutaneous methods.  Naval Med Bull 1947:47:197 

Vaughan JP, Lindqvist K, Brooke D, Doyle RF. Combined BCG and smallpox immunization: a 
preliminary report on a method using the W.H.O. bifurcated needle.  East Afr Med J  1972 
Mar;49(3):207-12. 

Vaughan JP, Menu JP, Lindquiest KJ, Venneman A.  A trial with a mixed BCG smallpox vaccine given 
intradermally.  J Trop Med Hyg  1973;76:262 

Veronesi R, Salles Gomes LF, Soares MA, Correa A. Importancia do "jet-injector" (injeção sem agulha) 
em planos de imunização em massa no Brasil: resultados com as vacinas antitetânica e 
antivariolica [Importance of the jet injector (injection without a needle) in mass immunization 
projects in Brazil: results with anti-tetanus and anti-smallpox vaccines]. Rev Hosp Clin Fac Med 
Sao Paulo Mar-Apr 1966;21(2):92-95.   

Vibes J.  Efficacité comparée de deux techniques de vaccination contre la grippe.  Taux sérologique 
obtenus après administration du vaccine par le Porton Jet et la seringue [Comparative efficacy of 
two techniques of vaccination against influenza.  Serologic rates obtained after administration of 
vaccine by the Porton Jet and by syringe].  Médecine et Maladies Infecteuses  1971;1(3):343-348. 



HIRRC/CDC Needle-free Intradermal 
Influenza Study - CDC-ISO-4785 

Page 122 
of 122 

File: 4785-ID-INF-ProtocolEnglish-2006Mar05.doc 
2006-Mar-05

 
Wahl M, Hermodsson S.  Intradermal, subcutaneous or intramuscular administration of hepatitis B 

vaccine: side effects and antibody response.  Scand J Infect Dis  1987;19:617-621. 

Wang R, Epstein J, Baraceros FM, Gorak EJ, Charoenvit Y, Carucci DJ, Hedstrom RC, Rahardjo N, Gay 
T, Hobart P, Stout R, Jones TR, Richie TL, Parker SE, Doolan DL, Norman J, Hoffman SL.  
Induction of CD4(+) T cell-dependent CD8(+) type 1 responses in humans by a malaria DNA 
vaccine.  Proc Natl Acad Sci U S A  11 Sep 2001;98(19):10817-10822. 

Wegmann A, Heiz R, Baumann T. Auffrisch-Impfung mit einem Diphtherie-Tetanus-Impfstoff fur 
Dermo-Jet mit niedrigem Diphtherietoxoidgehalt [Booster vaccination with a diphtheria-tetanus 
vaccine for Dermo-Jet with low diphtheria toxoid content].  Schweiz Med Wochenschr 
(Switzerland) 24 Jan 1976;106(4):112-114.   

Weller TH, Cheever FS, Enders JF. Immunologic reactions following the intradermal inoculation of 
influenza A and B vaccine.  Proc Soc Exp Biol Med 1948;67:96-101. 

Whittle HC, Lamb WH, Ryder RW.  Trial of intradermal hepatitis B vaccines in Gambian children.  Ann 
Trop Paediatr  1987;7:6-9. [Imo-Jet (Mérieux)].   

Wijsmuller G, Snider DE.  Skin testing: A comparison of the jet injector with the Mantoux method.  Am 
Rev Resp Dis  1975;112:789-798.  

Wilde H, Khawplod P, Khamoltham T, Hemachudha T, Tepsumethanon V, Lumlerdacha B, 
Mitmoonpitak C, Sitprija V.  Rabies control in South and Southeast Asia.  Vaccine  
2005;23:2284–2289 

Williams J, Fox-Leyva L, Christensen C, Fisher D, Schlicting E, Snowball M, Negus S, Mayers J, Koller 
R, Stout R.  Hepatitis A vaccine administration: comparison between jet-injector and needle 
injection. Vaccine  17 Mar 2000;18(18):1939-1943.   

World Health Organization, Expanded Programme on Immunization.  Transmission of hepatitis B 
associated with jet gun injection.  Weekly Epidemiological Record  1986;61:309-311. 

World Health Organization.  Safety of Injections: WHO-UNICEF policy statement for mass 
immunization campaigns. 11/1997.  Available from WHO, ordering code WHO/EPI/LHIS/97.04. 

World Health Organization.  Recommended composition of influenza virus vaccines for use in the 2005-
2006 influenza season.  Wkly Epid Rec  2005;80:71-76. 

Wright M.  Influenza vaccine programme using the hypospray jet injector method.  Occupational Health  
(London) 1968;20(5):254-257.  

Wyatt LS, Earl PL, Liu JY, Smith JM, Montefiori DC, Robinson HL, Moss B.  Multiprotein HIV type 1 
clade B DNA and MVA vaccines: construction, expression, and immunogenicity in rodents of the 
MVA component.  AIDS Research and Human Retroviruses  June 2004;20(6):645-653.   

{Zsigmond1999a}   Zsigmond EK, Darby P, Koenig HM, Goll E.  V. A new route, jet injection of 
lidocaine for skin wheal for painless intravenous catheterization.  International Journal of Clinical 
Pharmacology and Therapeutics  1999;37:90-99. 

{Zsigmond1999b}   Zsigmond EK, Darby P, Koenig HM, Goll EF.  Painless intravenous catheterization 
by intradermal jet injection of lidocaine: A randomized trial.  J Clin Anesth 1999; 11(2): 87-94.  

 




