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I. EXECUTIVE SUMMARY
 

Increasing concern about the reuse of disposable syringes and needles has led
to 
the development of non-reusable injection devices. 
The United States
Agency for International Development provided support for its Resources for
Child Health Project (REACH/John Snow, Inc) to design and lead a 1989 field
evaluation with the Ministry of Health and the National Institute of Health
(Pakistan) in Karachi to test the mechanical performance and user
acceptability of SOLOSHOTTM* under the sort of field conditions in which it
might eventually be introduced. 
Developed by the Program for Appropriate
Technology in Health (PATH) under an AID contract and licensed for production
to Becton Dickinson, SOLOSHOT resembles a conventional syringe with a unique
syringeLOCKTM ** feature 
-
a small metal clip placed in the barrel which allows
for withdrawal of a pre-set dose but prevents second time withdrawal of the
plunger. 
The field evaluation design permitted a comparison to 
be made in the
use of SOLOSHOT and conventional syringes in the hands of 24 experienced and
24 inexperienced vaccinators provided with different levels of training on
SOLOSHOT.
 

The overall results of the attempted injections are summarized in Figure 4.
There was no difference in the rate at which the 
two syringes performed
according to their mechanical design (99.9% for conventional and 98.7% for
SOLOSHOT, P=NS). 
 Only 9/2400 (0.4%) of SOLOSHOT syringes were potentially
reusable after one injection while all of the conventional syringes were
potentially reusable. 
The wastage rate of functioning syringes was 0.8% for
the conventional syringe and 3.5% for SOLOSHOT (P<.001). 
 SOLOSHOT was rated
significantly better than the conventional syringe in 
ease of vaccine
withdrawal, presence of air in the syringe following vaccine withdrawal, ease
of air expulsion, and residual vaccine in the syringe following injection
(each P<.O01). There was a significantly lower rate of attempted blood
aspiration with SOLOSHOT (P<.05). 
 There was no statistically significant
difference between the two syringes in sterile technique or ease of
aspiration. 
It took an average of 12.6 seconds less time per vaccination
with SOLOSHOT than with the conventional syringe (P<.001).
 

Prior experience as a vaccinator resulted in
a lower proportion of vaccine
withdrawals with SOLOSHOT rated "With Ease," 
a lower proportion of syringes
with air present, a lower proportion of air expelled "With Ease," 
and a
higher rate of attempted aspiration for blood (each P<.05, Figure 5). 
 There
was no difference by prior experience for SOLOSHOT in sterile technique, ease
of blood aspiration or the proportion of injections with residual vaccine.
Prior experience resulted in
an 8.5 second decrease in average time per
injection with SOLOSHOT compared to 
inexperienced vaccinators (27.1 seconds
vs. 35.6 seconds, P<.001). 
 Experienced vaccinators wasted considerably fewer
SOLOSHOT syringes than inexperienced vaccinators (P<.001). 
 Prior experience
is confounded by vaccinator gender and thus may not reflect the true effect of

experience.
 

SOLOSHOT is a trademark of Becton Dickinson and Company.
 
syringeLOCK is
a trademark of the Program for Appropriate Technology

in Health (PATH)
 



For the conventional syringe, prior experience made a significant difference
 
(P<.01) in all areas of syringe performance except sterile technique and ease
 
of blood aspiration.
 

Training in the use of SOLOSHOT resulted in a higher proportion of injections

with air present, a higher proportion of air being expelled "With Ease," and a
 
higher rate of aspirating for blood (each P<.001, Figure 6). There was no
 
difference with training in sterile technique, ease of vaccine withdrawal,
 
ease of attempted blood aspiration or the proportion of injections with
 
residual vaccine in the syringe. Training also resulted in a small but
 
statistically significant decrease in average time per injection (30.2 seconds
 
vs 
32.4 seconds, P<.05) and a decrease in the proportion of syringes wasted.
 

A summary of the results on user preference is given in Figure 7. SOLOSHOT
 
was preferred by a significant majority of vaccinators in 7/9 questions (each

P<.05) including overall syringe preference. The conventional syringe was
 
preferred only for its ease of aspirating for blood (P<.01). There was not a
 
statistically significant difference in preference for ease of withdrawing

vaccine from a vial with a few doses remaining (P>.05).
 

The results of this field trial show that SOLOSHOT is a safe and effective
 
injection device. 
 SOLOSHOT does not meet WHO criteria for syringe performance

in that 0.4% (rather than the required 0) of syringes were reusable. An
 
independent laboratory previously found that the friction requirements of WHO
 
for auto-destruct disposable syringes were exceeded by SOLOSHOT. 
SOLOSHOT
 
could be introduced into the WHO Expanded Program on Immunization as a direct
 
replacement for disposable syringes.
 

II. BACKGROUND
 

The reuse of unsterile needles and syringes is a risk factor for the
 
transmission of blood-borne infectious agents, such as human immunodeficiency

virus and hepatitis B. The emergence of these diseases as major public health
 
concerns 
in the early 1980's has led to heightened interest in the development

of single-use injection devices. National immunization programs in developing

countries commonly use both reusable and disposable injection devices. Under

field conditions, the use of incorrectly sterilized syringes and needles and
 
reuse of disposables is frequently observed (1-5). Alternatives to existing

injection devices are clearly needed. 
In its role as a coordinating agency

for immunization efforts worldwide, the World Health Organization (WHO) has
 
taken the lead-in the development and review of fail-safe, non-reusable
 
injection technologies for use in the Expanded Program on Immunization (EPI).
 

In mid-1987, 
a meeting between the United States Agency for International
 
Development (A.I.D.), WHO, UNICEF, the Resources for Child Health Project

(REACH, John Snow, Inc.), and the Program for Appropriate Technology in
 
Health (PATH) resulted in the creation of an Evaluation Panel for Injection

Technologies (EPITECH). The panel solicited and reviewed over 200 prototype

proposals/devices designed for single use and assessed their technical merit
 
and potential for use in EPI throughout the world (6). By October 1989,

EPITECH had determined that 18 devices were promising enough to warrant
 
further development (7).
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A.I.D.'s Office of Health (Bureau of Science and Technology) provided

administrative and financial support for its REACH Project to design and lead
 
a field evaluation of the performance, user acceptability and programmatic

impact of a new single-use, disposable syringe developed by PATH under an

A.I.D. contract (8). 
 PATH entered into a licensing agreement with Becton

Dickinson and Company to manufacture the syringe, called SOLOSHOT.
 

The Government of Pakistan and A.I.D. in Islamabad expressed interest in
 
participating in the field evaluation. 
Pakistan has a well-developed EPI

which has made great progress in immunizing its population. Disposable

syringes have been used by the EPI in Pakistan for many years. 
 This prior

familiarity with disposables would serve as a baseline for comparison between
 
current syringes and SOLOSHOT. A pre-test of the protocol and data

collection instruments was conducted in Karachi by the provincial Ministry of

Health (MOH) in September, 1989 during a preparatory visit by REACH staff
 
(9).
 

After approving the study protocol and the use of SOLOSHOT on human subjects,

the Pakistan National Institute of Health (NIH) and the MOH agreed to conduct

the field evaluation in Sind Province, where a UNICEF supported EPI urban

acceleration effort was scheduled for Karachi. 
As collaborators in the
evaluation, WHO seconded EPI staff from Geneva and Pakistan to participate in
 
the field work.
 

Karachi was a suitable choice for two reasons. A large attendance at

immunization sessions by a backlog of unvaccinated children and women was

anticipated. This would speed up the field work and create the sort of

crowded conditions under which disposables are often preferred by health

workers. Furthermore, due to 
the diversity of expertise among vaccinators in

Karachi, with many having been recently recruited and trained for the
 
acceleration, SOLOSHOT could be tested in the hands of vaccinators with a
 
range of experience in giving injections.
 

A guiding principle of the field evaluation was to minimize any disruption to

EPI due to the study design. In fact, it 
was hoped that the evaluation would
 
encourage acceleration of immunization delivery in the study sites by

promoting demand for immunization in the community.
 

The field evaluation was conducted over a period of two weeks in

November/December 1989. 
The purpose was to evaluate the mechanical
 
performance and user acceptability of SOLOSHOT under the sort of field

conditions in which it might eventually be introduced. The study design

permitted a comparison to be made in the use of SOLOSHOT and a conventional
 
syringe in the hands of both experienced and inexperienced vaccinators
 
provided with different levels of training on SOLOSHOT.
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III. MATERIAL AND METHODS
 

INJECTION DEVICES
 

SOLOSHOT is a 3 ml plastic disposable syringe, which has been equipped with a

syringeLOCK metal clip inserted into the syringe barrel at 
the time of

manufacture (Figure 1). 
 The metal clip is set to permit filling up to .575 ml
 
of vaccine with a head space to allow removal of air bubbles and adjustment

for the exact dose. The clip is not in contact with the vaccine.
 

SOLOSHOT has a maximum capacity of .575 ml with only a 0 and 0.5 ml
 
calibration in accordance with WHO standard performance specifications for 0.5
 
ml auto-destruct disposable syringes (10). 
 A capacity of 0.5 ml is suitable
 
for administering the proper dose of all the injectable vaccines included in

the standard EPI (measles, DPT, TT, and DT), except BCG. 
 No other graduations
 
appear on the barrel.
 

A 23 G, 25 mm needle suitable for intramuscular and subcutaneous injection is
 
permanently attached. Notable tamper-proof features of SOLOSHOT include a

breakaway notch in the plunger to inhibit twist-out and placement of a

barrier rib on the plunger to guard the clip against intentional defeat.
 

After permitting a 0.5 - 0.575 ml filling and emptying cycle, the metal clip

is designed to lock the plunger automatically at the base of the syringe and
 
prevent the plunger from being drawn back a second time. 
 Several smaller
 
filling and emptying cycles up to a maximum volume of 0.575 ml are possible

before the plunger locks. On pulling back the plunger, there is an audible
 
",lick" as the syringeLOCK is activated.
 

The U.S. Food and Drug Administration (USFDA) in 1988 determined that the
 
manufacturer could market SOLOSHOT in the United States. 
The manufacturer
 
provided 4000 hand-assembled SOLOSHOT syringes for the study and certified
 
sterilization and manufacture according to USFDA Good Manufacturing

Practices. 
 Caps over the needle and thumb plate are designed to ensure
 
sterile fluid path. 
The SOLOSHOT syringes were packaged 100 per chipboard

box and five boxes per corrugated carton.
 

The conventional syringe against which SOLOSHOT was tested is a plastic

disposable syringe which is routinely used by EPI in Pakistan for all

intramuscular and subcutaneous injections. 
Manufactured by Becton Dizkinson
 
and Company and supplied to Pakistan by A.I.D., the conventional syringe is a
long and narrow 1 ml tuberculin syringe with a pre-fixed detachable 24 G, 20
 
mm needle. 
The syringe is calibrated on one side in .1 ml increments up to
 
1.0 ml with .01 graduations. 
The other side of the same scale is calibrated
 
by 2 minim increments up to 16 in 1/2 minim graduations. The syringe has a

clear hub where the needle is attached. The conventional syringes were
 
individually packaged in a paper and plastic wrapper. 
The Pakistan EPI
 
supplied 
the study sites with the required number of conventional syringes to
 
permit each injection to be given with a sterile syringe and sterile needle.
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VACCINES
 

Unopened twenty-dose DPT, TT, DT and ten-dose measles vaccine vials were
selected from the Sind Province EPI cold rooms in Karachi. 
 So as to use
vaccine from the fewest number of different manufacturers to control for
extraneous factors, TT and DT were selected from a single manufacturer
(Behring). DPT from Connaught 
was chosen, as stock from a second manufacturer
was very low. Smith-Kline RIT measles (Rimevax) and diluent were randomly
selected from between two manufacturers of measles vaccine.
 

Once manufacturers had been identified, the required number of boxes were
purposefully selected from single lots with uniform expiry dates after March
1990. 
 Because toxoid preparations which have ever been frozen may lose
potency and can cause abscesses upon injection of a non-homogeneous solution,
a visual inspection and standard shake test was performed one week before the
study began (11, 12). 
 A 20% grab sample of DPT, TT and DT vials, selected
from each row and column of each box, was tested against a reference vial from
the same manufacturer and lot. 
 These reference vials had been intentionally
frozen at -20'C for 20 hours on 
the previous day, and were then thawed.

of the selected vials was suspected ever to have been frozen. 

None
 

Selected vials were individually taped and labeled for exclusive use with
"SS" (SOLOSHOT) or "CON" (conventional) syringes or left unlabeled. 
The
vials were stored in the +4'C cold room and continuously monitored by means
of a recording thermometer. 
Five days before the study, a pre-determined mix
of vials was sent to the study vaccinators in specially marked containers for
 
storage in the clinic refrigerators.
 

OBSERVERS
 

Sixteen observers were selected by the four District Health Officers from
 among medical officers stationed in Karachi. 
A list of staff required for
the field work appears in Annex 1. Job descriptions for the Field Evaluation
Medical Supervisors, Investigators, Observers and Vaccinators appear in Annex
 
2.
 

SITE SELECTION
 

Facilities at which vaccinators were observed during the field trial were
selected from among all fixed facilities and outreach sites in Karachi run by
the MOH and Karachi Municipal Corporation. Only facilities which provided
immunization services during October, 1989 and reported their activity to the
EPI office were eligible for selection. Nineteen fixed facilities and 17
outreach teams that provided an average of more than 40 total DPT, TT, DT and
measles vaccinations per day (more than 800 per month) were selected, because
they would allow vaccinators to complete the 80 required vaccinations in no
more than two days. 
 The five most active fixed facilities served as a
location for the observation of two study vaccinators on the same days by two
observers. 
The seven most active outreach sites served as a location for 
two
study vaccinators to be observed sequentially over a four day period.
Consequently, 24 observation sites were at fixed facilities and 24 were at

sites served by outreach teams.
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VACCINATOR SELECTION
 

Twenty four experienced vaccinators and 24 inexperienced vaccinators were

required by the study design. Experienced vaccinators were defined as
vaccinators who had begun their service as vaccinators prior to 1989.

Inexperienced vaccinators were defined as vaccinators who had begun their
 
service during 1989.
 

At the time of the field trial, inexperienced vaccinators were assigned to
 one of the four districts in Karachi. 
 In three of four districts, they had
 no permanent work location and were assigned their work site on a daily basis

by the district EPI supervisor. 
In these three districts, inexperienced

vaccinators were randomly selected for the field trial from a list of all

inexperienced vaccinators working in the district. 
They were then assigned
within the district to one of the fixed facilities selected for the fiild

trial. 
In each of these three districts, the number of inexperienced

vaccinators selected was equal to the number of fixed facilities chosen as

trial sites, because inexperienced vaccinators generally did not work outside
 
of their assigned district.
 

In the fourth district, where inexperienced vaccinators were normally

assigned to a fixed facility or outreach team, an inexperienced vaccinator at

each observation site was randomly selected for participation from among all
inexperienced vaccinators assigned to that site. 
If only one inexperienced

vaccinator was normally assigned to the facility or outreach team chosen as a

study site, that vaccinator was selected for the stuody.
 

Experienced vaccinators were generally observed on outreach teams. 
 Cie or
 
more outreach teams frequently operate in the community from out of the same

fixed facility. For each outreach team selected as a trial site, an

experienced vaccinator was randomly selected for observation from among all

the experienced vaccinators assigned to that outreach team. 
 For the seven
outreach teams where two vaccinators were to be observed in succession, the
 
second experienced vaccinator was randomly selected from among all other

experienced vaccinators assigned to all outreach teams that were affiliated

with the same fixed facility as 
the selected outreach team. During the

second round of observation, the second study vaccinator and a registrar were

assigned !.i the study outreach team, and were replaced in their own outreach
 
team by the f.rst vaccinator observed and the associated registrar. 
The
 
purpose of this replacement was to minimize any contact that study

vaccinators and registrars might have with one another.
 

SCHEDULING OF OBSERVATIONS
 

The 48 study sites and vaccinators were allocated to one of three two-day

rounds of observation, based on the expected attendance and on the need 
to
 
schedule consecutive rounds of observations at seven outreach sites. 
Over a
one-week peric. 
each of 16 observers was responsible for observing three

vaccinators, . *heach vaccinator observed for 1 to 2 days. Within each of

the three rour , 16 sites were arranged by proximity into groups of four to
 
ensure that ea., of the four investigators could easily monitor at least two
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of their four assigned observers each day. When possible, observers were

assigned three vaccinators in the district in which they were posted to
 
reduce the amount of travel outside the district.
 

TRAINING DESIGN
 

Observers were trained by the study investigators for 3 days immediately
prior to the start of the field trial. Training methods included lectures,

demonstrations, simulations, and individual practice in observing and

recording injections made into oranges. Training was given in plenary and

break-out groups. 
Observers first practiced using SOLOSHOT and conventional
 
devices. 
 They were then trained in recording information on data collection

forms for "Observer Data Collection" (Annex 3), "Disposal Practices" (Annex

4), and "User Acceptability" (Annex 5).
 

Each question on the forms was reviewed to standardize the response criteria.

A job aid on "Filling the Observer Data Collection Form" (Annex 6) was

distributed for use during the training and the field trial to reduce inter
observer error.
 

Observers were instructed to position themselves next to the vaccinazors and
 
to be as unobtrusive as possible. 
 In small groups, they practiced observing
each other give vaccinations and completing the forms. 
 They were trained to
intercede during a vaccination only on grounds of safety and to document any

such intercession. They were not 
to assist or guide the vaccinators in any
way. Observers were provided a separate notebook, in which to record the

particulars of any accidental needle stick and of any safety concerns
 
expressed by vaccinators or observers.
 

Daily checklists for before and after the vaccination session were reviewed
 
with the Observers (Annex 7).
 

The 48 study vaccinators were randomly assigned 
to one of three training
 
groups, as follows:
 

Experienced Less Experienced

Group Vaccinators 
 Vaccinators Total
 

Receiving full
 
training in use 8 
 8 16
 
of SOLOSHOT
 

Receiving flyer 8 
 8 16
 

Receiving no SOLOSHOT
 
training 8 
 8 16
 

Total 24 
 24 48
 

Annex 8 lists the content, duration, and teaching method in the "full
 
training" and "flyer" groups. 
Annex 9 presents the training protocol,

prepared by PATH, which was used in the "full training" regime. Annex 10
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shows the illustrated flyer, also developed by PATH, which was used in the
"full" and "flyer" training regime. 
This flyer was in English on the
assumption that the flyer wonId eventually be printed in the major
international languages (Engi±Th, French, Spanish), but that accurate

translation into every possible language/dialect would be impossible if the
device is mass produced and distributed on a world-wide basis. 
 The briefing
that the "full -raining" and "flyer" groups received is 
-n Annex 11.
none" training group received no instruction whatsoever. 

The
 

Training of the "full" and "flyer" training groups coincided with the third
day of observer training. 
The "full" and "flyer" groups were segregated and
dismissed at different times to avoid any contact with each other.
 

VACCINATION LESSIONS
 

Vaccination sessions were conducted as scheduled in either fixed facilities
 or at sites served by outreach teams. Study -accinators were assisted by a
registrar who recorded the name of the vaccinee and other information in the
standard registration book. 
Those due to be injected with SOLOSHOT were
sr cially identified in the book. 
Observers positioned themselves next to
 
:.te study vaccinators.
 

Vaccines and diluent were carried to 
the field in vaccine carriers equipped
with frozen icepacks. 
In addition to SOLOSHOT syringes, the standard
supplies were used, including conventional syringes and needles, disposable
BCG syringes and needles, reusable or disposable reconstitution syringes (5

ml and 2 ml) and needles.
 

Standard EPI policies were followed. Children aged less than 23 months old
were immunized, depending on documentation and history, with DPT, oral polio,
BCG, and measles vaccines. Older children received DT and oral polio

boosters, while pregnant women received TT. 
 DPT injections were given
intramuscularly, either in the anterolateral thigh or else in the upper outer

quadrant of th, buttocks, depending on clinic practice. Measles vaccine was
administered subcutaneously and DT and TT intramuscularly in the deltoid
 
region of the upper arm.
 

Each vial was used until completion of the vial, 
or until completion of the
observed injections with either SOLOSHOT or 
conventional syringes, or until
the end of th; day, whichever came first. 
 At the day's end, completely or
partially used vials "fere withdrawn from further use (and returned to the
principal investigators), in keeping with MOH recommended policies. 
All

unopened vials were r;frigeraled at the end of the day. 
 If the full
complement of SOLOSHOT syringes was expended before the session concluded,
conventional disposable syringes and additional unlabeled vials of all
vaccines were used to complete the session, so 
that no eligible person was

denied vaccination.
 

Vaccinators used conventional syringes for the first thirty

injections/injection attempts with DPT, DT, measles or TT. 
SOLOSHOT was used
for the next fifty. 
As each study vial was opened, the date, vaccinator
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identification number and vial number were recorded by the observer on the
 
vial.
 

No attempt was made to alter normal disposal practices concerning the

conventional syringes. At 
the end of each day in which the vaccinator was

observed, a "disposal practices" form was completed by the observer.

fnm was an adaptation of one developed by WHO (13). Upon being used,

The
 

SOLOSHOT syringes which functioned normally were placed into a specially
labeled plastic container and collected daily by the investigators, so as not
 to interfere with normal disposal practices for conventional syringes.

Malfunctioning SOLOSHOT or conventional syringes were labeled with the date,

vaccinator identification number and injection number, so they could be
matched with details and remarks recorded on data collection instruments.

These malfunctioning syringes were collected in special containers and
consolidated daily by the principal inv.stigators so that the cumulative

failure rate cf SOLOSHOT and the nature of such failures could be closely
monitored. 
At Lhe end of the day on which the study vaccinator completed his
80th observed injection, the observer completed the "user acceptability"

questionnaire by interviewing the vaccinator.
 

TECHNICAL CLOSING SESSION
 

During a technical closing session, vaccinators were asked supplemental

questions on their method of using SOLOSHOT, user acceptability and SOLOSHOT
performance in structured group interviews. 
 They were requested to suggest

possible modifications to the SOLOSHOT design.
 

Any concerns regarding safety issues, instances where observers needed to
intercede during a vaccination, and accidental needle prick were noted by the
investigators. Vaccinators were asked whether or not they noticed any
increase in the amount of friction in the SOLOSHOT plunger relative tc the
conventional syringe, and if 
so, whether they felt that the extra friction

caused them to push the needle deeper than they wanted during the injection.
Their opinions were solicited regarding operational issues associated with

the introduction of SOLOSHOT into EPI.
 

Under controlled and supervised conditions, each vaccinator was given ample
conventional syringes and a vial of measles vaccine and diluent from the same
manufacturer as 
in the field trial. After reconstitution, they withdrew

successive doses until the vial was finished. 
 Observers made a count of each
vaccine withdrawal and noted whether or not it
was a full dose. A new vial of
measles and diluent and ample SOLOSHOT syringes were then provided and the
 
exercise repeated.
 

Finally, vaccinators and observers were challenged to tamper with the
 
syringeLOCK clip to render SOLOSHOT reusable.
 

DATA ANALYSIS
 

Each of 3840 attempted injections was observed and information was recorded
 
on the standard "Observation Data Collection" form for each component of the
injection process. Investigators reviewed collected data for completeness
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and accuracy each eveni  to identify any errors in the completion of the
forms. Responses were .)ded by the investigators. A local firm was
contracted for data entry on computers. 
The actual data entry program and
procedures had been tested with dummy forms and hypothetical data beforehand.
Data were entered onto microcomputer diskettes using DBASE III Plus and
analyzed using SPSS/PC+. 
Range and logic checks were performed on the entered
data to identify and correct any inconsistent or implausible responses.
 

Data entered on computer were checked for accuracy against the coded forms

for 25% of all injections. For each vaccinator, data relating to 8
consecutive conventional and 12 consecutive SOLOSHOT syringes, both with
random starting points, were compared to the forms. 
Only nine errors (.05%)

in data transfer were found.
 

Vaccine remaining in used vials was withdrawn and measured within a week of
being opened by means of a 3ml syringe graduated by .1ml with a 24 G, 3/4
inch needle. 
The average filling volume for each of the vaccines used in the
trial was obtained from the manufacturer and used in the analysis of average

volume per injection.
 

The hypothesis tested in this trial is that there is no difference under

field conditions between the two syringes in effective delivery of the
required dose of vaccine. It was further hypothesized that there is 
no
difference in performance of SOLOSHOT when used by experienced versus
inexperienced vaccinators or between trained and untrained vaccinators.
Hypotheses on categorical variables are tested using a test of difference of
proportions and continuous variables are 
tested using Student's T-test.
 

Each of the 48 vaccinators responded to a written questionnaire as to their
preference for SOLOSHOT or conventional syringe on a number of topics. 
 The
response "No Preference" or "N( ifference" is counted as an equal preference
for each syringe. The response 
 are scored as one point for each syringe
preferred when a preference was ;ioted and one half point for "No Preference."
Blank responses are omitted. 
The data are analyzed with a null hypothesis

that one half of those responding preferred each syringe.
 

In this report, data for each step of the injection process are presented in
three forms, where appropriate. First, a figure showing the counts for the
variable by syringe and cell is presented. The data in this table have been
adjusted to 
remove blank and irrelevant responses to the variables, and thus
the denominator for each may differ. 
 Irrelevant responses are those for
which no observation pertaining to the variable was made, because the
vaccination had stopped at an eailier task in the injection process.
Secondly, the data are presented as proportions in a two by two table to show
more clearly the effects of training and experience. The totals in this table
reflect only the data from Cells 1, 2, 5 and 6. (Cells 3 and 4 received a
written flyer and are not counted as being formally trained.) These
proportional data are 
then presented in a bar chart or line graph where
 
appropriate.
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IV. RESULTS
 

SELECTION AND TRAINING
 

Of the 24 inexperienced vaccinators selected, 22 were female vaccinators
 
hired in July and August, 1989. All 24 experienced vaccinators and all
 
observers were male.
 

Seventeen observers were fully trained and 16 participated in the study.

During their SOLOSHOT training on the first day, they were allowed to
 
practice with as many SOLOSHOT syringes as they liked. They practiced with
 
an average of 8 SOLOSHOT syringes each. They were satisfied with the
 
training in SOLOSHOT that they received, which was identical to that later
 
given to the "full training" group of vaccinators. The consensus was that
 
the PATH flyer was well-prepared.
 

Sixteen vaccinators received "full training" in SOLOSHOT. Training lasted a
 
little more than one hour, after which the vaccinators ceased asking for more
 
instZuction or practice. The vaccinators practiced with an average of 8
 
SOLOSHOT syringes apiece, with a range of 6-14. On only one of the used
 
syringes could the plunger still be withdrawn slightly to the "click,"

indicating that the vaccinators had withdrawn the plungers on nearly all
 
SOLOSHOT syringes to the maximum .575 ml setting at which point the "click"
 
was heard and further pullback became impossible.
 

The 16 vaccinators in the "flyer' group received training for about 45
 
minutes. Timid at first, once they had practiced with a few SOLOSHOT
 
syringes, they quickly began sharing experiences. An older experienced

vaccinator, a natural trainer who commanded the attention of the group, began

to instruct the others. They used an average of 7 SOLOSHOT syringes each,

with a range of 4-10, although they were welcome to continue using the ample

stock available. The vaccinators had withdrawn the plungers on 80% of the
 
SOLOSHOT syringes to the "click" at .575 ml.
 

S RINGE PERFORMANCE
 

Each vaccinator attempted 30 injections with the conventional syringe and 50
 
injections with SOLOSHOT. A total of 3840 attempted injections were
 
observed, 1440 with the conventional syringe and 2400 with SOLOSHOT (Figure

2). These injEctions were divided equally among six cells determined by two
 
levels of prior experience (experienced and inexperienced) and three levels
 
of training (trained, given a flyer, untrained, Figure 3).
 

Vaccination was considered to be a process which involved completion of a
 
series of tasks. The tasks measured were:
 

1. Mechanical function of syringe
 
2. Syringe wastage
 
3. Sterile technique
 
4. Ease of vaccine withdrawal
 
5. Presence of air in syringe after vaccine withdrawal
 
6. Ease of expelling air following vaccine withdrawal
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7. Attempted blood aspiration

8. Ease of attempted blood aspiration

9. Presence of residual vaccine in syringe


10. Elapsed time per injection
 

The process could be interrupted during or between tasks by vaccinator error
 
or syringe malfunction. This analysis includes all syringes which completed
the task regardless of whether the succeeding steps were completed.

Consequently, the denominators may differ by task.
 

The partially trained group (Flyer group) did not differ from the untrained
 
group in any area of syringe performance except for attempted aspiration for
blood. In this area of performance, the partially trained group was midway
between the trained and untrained groups. In the figures showing the effects
of training and experience, Cells 3 and 4 (Flyer group) are consequently not
 
presented.
 

I. Mechanical Function
 

Mechanical function was determined with regard to whether or not the syringe
functioned according to its design. 
For both the conventional syringe and
SOLOSHOT this was determined by whether an injection could have been given
with the syringe. For SOLOSHOT this also included the abil.ty of the syringe

to prevent reuse. 
Syringes which were not used to give an injection for
 reasons other than mechanical malfunction were classified as "vaccinator
 
errors."
 

Virtually all syringes of both types functioned as designed, 1437/1439

(99.9%) of the conventional syringes and 2365/2395 (98.7%) of SOLOSHOT
(P=NS). Of the two conventional syringes which malfunctioned, one leaked

and one had an occluded needle (Figure 8). 
 Of the 30 SOLOSHOT syringes which
malfunctioned, 9 were missing the metal clip and 21 had a stuck piston due to
 a faulty clip. A clustering of malfunctions occurred in a box of 100
syringes in which 9 
were missing a clip and 3 malfunctioned due to a stuck
 
piston.
 

SOLOSHOT was also measured on its ability to lock and prohibit a second
withdrawal of the plunger. 
The 9/2400 (0.4%) SOLOSHOT syringes which were
missing a clip were potentially reusable. 
The plunger could not be withdrawn
 
a second time in any of the syringes which had a clip. All of the

conventional syringes which could be used once were potentially reusable.
 

2. Syringe Wastage
 

Syringe wastage is measured by the number of functioning syringes which were
not used to give an injection. These are due to vaccinator errors and events
 
such as the syringe falling on 
the floor.
 

Overall, there was significantly less syringe wastage with the conventional

syringe than with SOLOSHOT, with 12 conventional syringes not used out of a

total of 1437 functioning syringes (0.8%) compared to 82/2365 (3.5%) for
 
SOLOSHOT syringes (Figure 9, P<.001).
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Of the twelve conventional syringes counted as vaccinator errors, six were
due to non-sterile technique (Figure 10). 
 Of the 82 SOLOSHOT vaccinator
 
errors, 56 were due to failure to withdraw .5cc on the first attempt (the
syringe locked cn the second attempt), 10 were due to premature activation of

the clip and 10 were due to non-sterile technique.
 

For SOLOSHOT, prior experience or training both resulted in a lower

proportion of syringes wasted (P<.001 for experience and P<.01 for training)
(Figures 5, 6 and 11). 
 Prior experience made no difference in this category

with the conventional syringe.
 

Syringe wastage with SOLOSHOT was significantly greater for every antigen
(Figure 12). 
 The difference in wastage between SOLOSHOT and the conventional

syringe was largest for measles and TT. 
The difference for measles might be
explained by the added difficulty of withdrawing vaccine from a vacuum-sealed
vial without being able to inject air to neutralize the negative pressure.

There is no apparent explanation for why TT would be associated with a higher
 
wastage rate.
 

3. Sterile Technique
 

Injection technique was judged to be sterile if the needle touched nothing

other than the inside of the cap, the rubber stopper of the vaccine vial or
 
the injection site.
 

Overall, both syringes had a high rate of acceptable sterile technique (98.3%

for the conventional syringe and 98.9% for SOLOSHOT, P=NS, Figure 13). 
 There
 was no difference in acceptable sterile technique by training or experience

for either syringe (P>.05).
 

There were 24 conventional and 26 SOLOSHOT syringes which had a break in

sterile technique (Figure 14). 
 The most common reason cited for both
syringes for lack of sterile technique was a finger touching the needle. 
The
observations did not vary significantly by training or experience (P>.05).
 

4. Ease of Vaccine Withdrawal
 

The syringes were rated as 
to whether withdrawal of vaccine from the vial was
"With Ease" or 
"Not With Ease". 
 "With Ease" was defined as whether at least

0.5 ml of vaccine was withdrawn into the syringe on a single pullback.
 

Overall, a larger proportion of vaccine withdrawals were rated as "With Ease"
with SOLOSHOT (92.2%), than with the conventional syringe, (47.9%, P<.001,
 
Figure 15).
 

With both experienced and inexperienced vaccinators, SOLOSHOT had a higher

proportion of withdrawals rated as 
"With Ease" than conventional syringes

(86.9% vs. 62.2% for experienced and 94.5% vs. 
38.9% for inexperienced, both
P<.O1, Figures 16 and 17). 
 Among SOLOSHOT users, experience was associated
with a lower proportion of withdrawals being rated "With Ease" 
than among
inexperienced vaccinators (86.9% vs. 
94.5%, P<.O1). SOLOSHOT had a similar
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high rating for ease of withdrawal in both the trained and untrained groups
 
(90.3% vs. 91.1%, P<.05).
 

Regarding user acceptability, a significantly higher proportion of
vaccinators reported finding SOLOSHOT easier for withdrawal from a full vial
 
than the conventional syringe (32/47 vs. 
13/47 with 2/47 "No Preference,"

P<.05, Figure 7). A statistically insignificant majority of vaccinators

reported that the conventional syringe was easier to 
use to withdraw vaccine
 
from a vial with few doses remaining. These responses did not vary by

training or experience.
 

5. Presence of Air in Syringe After Vaccine Withdrawal
 

The presence of air in the syringe was defined as whether the observer could
 
see any air in the barrel of the syringe following withdrawal of vaccine from
 
the vial.
 

Overall, there were significantly fewer injections with air present for

SOLOSHOT 1354/2292 (59.1%) as compared to the conventional syringe 1324/1423

(93.0%) (Figure 18, P<.01).
 

Among both experienced and inexperienced vaccinators, air was more commonly

present in the conventional syringe than SOLOSHOT (both P<.O1, Figures 19

and 20). 
 Training in use of SOLOSHOT resulted in a significantly higher rate

of air being present (62.0% vs. 
-3.4%, P<.01), with the difference entirely

accounted for in the inexperienced group.
 

6. Ease of Air Expulsion
 

There was no difference between the two syringes in the proportion of
 
syringes in which air was present and an attempt was made to expel air.
 
Expulsion of air from the syringe following vaccine withdrawal was determined
 
to be "With Ease" if all of the visible air was expelled with less than four
finger flicks on the barrel of the syringe. This was recorded only for those

injections in which air expulsion was attempted.
 

Overall, of those injections in which air was present and an attempt was made
 
to expel air, expulsion of air was rated "With Ease" in a significantly

higher proportion of injections with SOLOSHOT 1110/1267 (87.6%) than with the

conventional syringe, 679/1255 (54.1%, P<.05, Figure 21).
 

Among both experienced and inexperienced vaccinators, SOLOSHOT had 
a higher

rate of expulsions "With Ease" (both P<.01, Figure 22 and 23). 
 Prior
 
experience as a vaccinator resulted in opposite effects for the different

syrirges for the proportion of air expulsions rated as 
"With Ease" (Figures

22 and 23). That is, for the conventional syringe, prior experience was

associated with a significantly higher proportion of "With Ease" versus the
inexperienced (72.1% vs. 
41.3%, P<.01). For SOLOSHOT, prior experience as a
vaccinator was associated with a significantly lower proportion of "With

Ease" versus the inexperienced group (83.5% vs. 89.4%, P<.05). This
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difference was accounted for entirely by the difference in the untrained
 
group.
 

Vaccinators trained in use of SOLOSHOT had a significantly higher proportion

of expulsions "With Ease" (93.7% vs. 78.7%, P<.01).
 

On the user acceptability questionnaire, a significantly higher proportion of

vaccinators reported finding SOLOSHOT easier for expelling air bubbles (41/47

vs. 5/47 with 1/47 "No Preference," P<.O1, Figure 7). These responses did not
 
differ by training or experience.
 

7. Attempted blood aspiration
 

Aspiration for blood was considered to have been attempted if, after needle
 
insertion in the patient, the vaccinator pulled back on the plunger before
 
giving the injection.
 

Overall, aspiration for blood was attempted in a significantly greater

proportion of injections with the conventional syringe (538/1414, 38.0%) than
 
with SOLOSHOT (669/2282, 29.3%) (Figure 24, P<.01).
 

Experience resulted in
a larger percentage of attempted aspirations for both

conventional (34.8% vs. 28.1%, P<.05) and SOLOSHOT syringes (23.5% vs. 
15.1%,

P<.01, Figures 25 and 26). 
 Training had the effect of increasing the
 
percentage of SOLOSHOT injections with attempted aspiration (24.3% vs. 14.4%,

P<.O1)
 

8. Ease of Attempted Blood Aspiration
 

Attmpted aspiration for blood into the syringe immediately prior to
 
injection was rated as "With Ease" if it
was observed to be done with a
 
single pulling action.
 

Overall, there was a high rate of aspirations done "With Ease" for both the
conventional (525/540, 97.2%) and SOLOSHOT syringe (664/669, 99.3%) (Figure

27, P=NS).
 

There was no significant difference by training or experience (Figure 28).
 

On the user acceptability questionnaire, a significantly higher proportion of

vaccinators reported finding the conventional syringe easier to use 
to
 
aspirate for blood (among those who attempted aspiration) than SOLOSHOT

(26/35 vs. 4/35 with 5/35 "No Preference," P<.01, Figure 7). These responses

did not differ by training or experience.
 

9. Presence of Residual Vaccine in Syringe
 

Vaccine remaining in the syringes following injection was measured by

depressing the plunger fully and observing if any vaccine came out. 
 The
 
response was scor' as "Yes" if 
more than one drop could be expressed from
 
the needle when t,., plunger was depressed fully. Both syringes had a dead
 
space which held residual vaccine after injection, although SOLOSHOT has an
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almost insignificant dead space. 
Vaccine remaining in this dead space which
could not be expressed by depressing the plunger was not counted as vaccine
 
remaining.
 

Overall, residual vaccine was significantly less common in SOLOSHOT (15/2280

0.7%) compared to the conventional syringe (149/1417, 10.5%) (Figure 29,
 
P<.O01).
 

Experience and training did not make a statistically significant difference
 
for residual vaccine with SOLOSHOT. With the conventional syringe,

inexperienced vaccinators had a significantly higher rate of residual vaccine

than did experienced vaccinators 116.8% vs. 8.3%, P<.O1, Figures 30 and 31).
 

10. Elapsed Time per Injection
 

The duration of each vaccination was defined as 
the time from the opening of

the syringe packaging until the withdrawal of the needle from the patient.
 

Injections are included in this analysis if the vaccination was given. Nine

attempted injections with a recorded time over 150 seconds are excluded from

the analysis as 
they likely represent observer error (8 conventional and 1
 
SOLOSHOT).
 

a. Overall
 

The average time for an injection with SOLOSHOT (30.7 seconds) was

significantly less than with the conventional syringe (43.3 seconds, P<.001,
 
Figure 32).
 

Experience made a large difference (24.2 seconds) in the use of the

conventional syringe (33.0 vs. 57.2 seconds, P<.001, Figures 33 and 34).
Previous experience made a smaller but still significant difference (8.5

seconds) with SOLOSHOT (27.1 vs. 35.6 seconds, P<.O1, Figure 33).
 

Training made a significant difference in the average time per injection for

SOLOSHOT only among inexperienced vaccinators (33.9 seconds for trained vs.

37.2 seconds for untrained, P<.05, Figures 33 and 34).
 

b. By Antigen
 

There was no significant difference in the proportion of injections by

antigen given with each syringe. SOLOSHOT was quicker to use than the

conventional syringe for each antigen (each P<.05, Figure 35 and 36). 
 This

difference was greatest for measles vaccines where the difference between the
time to give an injection by SOLOSHOT versus conventional syringes was

seconds per injection (36.7 vs. 52.3 seconds, P<.01). 

15.6
 
With conventional
 

syringes, repeated and time-consuming movements of the plunger were possible

to adjust the dose. 
More SOLOSHOT syringe wastage occurred with attempted

measles vaccination than with other antigens. 
Syringes which were wasted were
 
excluded from the analysis of elapsed time.
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c. By Syringe Sequence
 

Figure 37 shows the average time for each injection by injection sequence.

There was no statistical difference in the first two 
injections between the

conventional syringe and SOLOSHOT. 
For every injection after the first two

injections, the vaccinator was quicker with SOLOSHOT than with the
 
conventional syringe.
 

Figures 38 and 39 show the effects of experience by syringe and injection
 
sequence. For the conventional syringe, there is a large difference between

the experienced and inexperienced vaccinators (P<.01) which is maintained
 

the course of thirty injections. For SOLOSHOT, there is
over a much smaller

but significant difference between experienced and inexperienced vaccinators
 
(P<.O1) which is established by about the fifth injection and maintained for
 
the next 45 injections.
 

After the first injections, there is little effect of training on average

elapsed time for injections using SOLOSHOT (Figure 40).
 

Regarding user acceptability, a significantly higher proportion of

vaccinators reported finding SOLOSHOT faster to use than the conventional
 
syringe (44/48 vs. 
3/48 with 1/48 "No Preference," P<.01).
 

OPERATIONAL ISSUES
 

There was little difference under field conditions in the number of doses of

vaccine which could be withdrawn from a vial using either the conventional
 
syringe or SOLOSHOT (Figure 41). 
 For one antigen, DPT, the difference
 
amounted to as much as two full doses per 20 dose vial. 
There was no

difference between the two syringes with measles vaccine withdrawal under

field conditions. Of all SOLOSHOT injections attempted, 2.4% (56/2365) failed
due to short doses. 
 There were no short doses with the conventional syringe.
 

A controlled, supervised trial of vaccine withdrawal from measles vials was

held during the technical closing session. The vaccinators were challenged to

withdraw as many full doses as possible from a measles vaccine vial. 
 The
vaccinators were able to withdraw significantly more doses per 10-dose vial
 
with SOLOSHOT than with the conventional syringe (9.9 vs. 8.7, p<.O01).

Thirty four vaccinators withdrew more doses with SOLOSHOT, three withdrew
 
less, and eight vaccinators withdrew the same number of doses with either

syringe. Apparently, the pre-set dose feature can contribute to vaccine
 
economy, but the savings were not observed under field conditilons.
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V. DISCUSSION
 

SAFETY ISSUES
 

SOLOSHOT can be used safely by vaccinators, regardless of their past

experience or training.
 

Regardless of level of training or experience, vaccinators maintained sterile

technique with either syringe. 
Reasons for non-sterility were similar with
both syringes. 
Accidental needle stick injury of the vaccinators or patients

as a proportion of all syringes was similar with SOLOSHOT and conventional

syringes (0.17% vs. 0.21%); however, the risks of exposure varied by syringe

type. Vaccinators were observed routinely recapping the needle after
injection with conventional syringes, despite the risk of needle stick injury.

SOLOSHOT syringes were either recapped by observers or directly deposited by
observers into special containers for return to the study investigators.

Observers did not handle conventional syringes. They reported 5 needle sticks
with SOLOSHOT, for a rate of .21% and none with conventional syringes.
 

Use of unsterile injection devices can 
transmit infection (14). Vaccinators
 
are more likely to deliver each parenteral immunization with a sterile needle
and sterile syringe using SOLOSHOT by virtue of its automatic self-destruct
clip and integral needle. 
Only 0.4% of SOLOSHOT syringes were reusable, and
these were due to absent syringeLOCK clips. By comparison, all conventional

syringes in Pakistan are potentially reusable without any tampering.
Furthermore, the integral needle, pre-set dose and unique scale calibration

make SOLOSHOT less attractive than conventional syringes for use outside the
 
EPI.
 

All categories of vaccinators were able to use SOLOSHOT to withdraw vaccine
"with ease" and to adjust the dose. 
 The percent of injections with air
present in the syringe after vaccine withdrawal was less with inexperienced,

untrained vaccinators using SOLOSHOT than with experienced, trained
vaccinators using conventional syringes. However, because the single use

feature on SOLOSHOT does not permit repeated manipulation of the plunger to
correct the dose, more vaccinators withdrew an inadequate dose of vaccine
with SOLOSHOT than with conventional syringes. 
Although it is conceivable
 
that some vaccinators would rather vaccinate with the short dose than waste
the syringe and its contents, 97.9% of the vaccinators felt that SOLOSHOT
allowed them to give the correct dose more easily than conventional syringes.
 

Some of the short doses are likely due to the manner 
in which SOLOSHOT is
used. 100% of the vaccinators reported routinely withdrc ing the plunger

until contact with the clip, at which point a "click" is heard and further
 reverse motion is not possible. If care is not 
taken to keep the needle tip

constantly submerged, particularly in vials with few doses remaining, too
much air relative to vaccine may be withdrawn before being noticed. During
the controlled withdrawal of measles doses by 45 vaccinators at the technical

closing session, 41 short doses occurred with SOLOSHOT compared to 5 with
conventional syringes. 
68% of these short doses with SOLOSHOT versus only 20%

with conventional syringes occurred after more than 5 doses had been
 
withdrawn.
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Vaccinators also reported vaccine withdrawal from vials with a few doses
 
remaining to be easier with conventional than SOLOSHOT syringes (P>.05). The
 
longer needle on SOLOSHOT was felt by some vaccinators to contribute to the
 
frequency of withdrawing a short dose. Observers reported that they needed to
 
interrupt the injection 21 
times with SOLUSHOT and 4 times with conventional
 
syringes. Most of the intercessions were due to short doses. Training needs
 
to emphasize that vaccinators should pull slowly on the SOLOSHOT plunger and
 
adjust the depth of needle insertion according to the level of vaccine
 
remaining in the vial.
 

Vaccines with adjuvants, such as DPT, TT and DT, must be injected deep into
 
the muscle mass. 
 Too shallow an injection can cause tissue irritation,

granuloma formation, or necrosis (15). 
 Syringe type made no difference in
 
the anatomical site selected for vaccination with the EPI antigens. WHO
 
recommends a 23G, 25 mm needle for 1.0 ml non-reusable syringes (10).

However, vaccinators and observers consistently expressed concern about the
 
safety of such a 23G, 25 mm needle on SOLOSHOT, compared to the rather
 
unusual 24G, 20 mm needle supplied with the conventional syringes in
 
Pakistan. They were concerned about the possibility of striking a bone with
 
the longer needle and about its use on malnourished children. For SOLOSHOT
 
to-be accepted by users in Pakistan, a 24G, 20 mm integral needle may need 
to

be attached even though a 25 mm needle may be preferred for IM shots in the
 
anterolateral thigh of infants (16) 
and for deep IM injections in the deltoid
 
region of women.
 

Although SOLOSHOT exceeds the friction requirements of the WHO specifications

for auto-destruct disposable syringes due to the break-out force from the clip

(10), this standard does not correspond to the current ISO standard on
 
friction (17). After needle thickness and length, the increased friction
 
associated with use of SOLOSHOT was most often cited as a negative feature.
 
However, vaccinators did not consider this additional friction to be a safety

issue. Affixing a 24G, 20 mm integral needle to SOLOSHOT is unlikely to add
 
to the filling and injecting forces (18).
 

Aspiration for blood was attempted significantly less often with SOLOSHOT.
 
However, the WHO Expanded Program on Immunization no longer recommends that
 
aspiration for blood prior to injection is required as a routine practice

within the EPI (19). Consequently, aspiration had not been included among

the performance specifications for auto-destruct syringes (10). In fact,

about a third of the vaccinators were not in the habit of aspirating at all.
 
Of the 17 vaccinators who aspirated more than 50% of the time using

conventional syringes, a significant change in behavior using SOLOSHOT was
 
observed for 11, with 10 vaccinators decreasing and with one increasing the

frequency of aspiration. Two-thirds of those attempting to aspirate reported

that they felt that aspiration with SOLOSHOT was possible. A demonstration
 
with red ink in a cup indicated that, even for those who initially withdraw
 
the plunger all the way to the "click", there is still enough "give" in the
 
clip to withdraw the red ink.
 

Re-capping used syringes is common in many EPIs in the absence of sharps

containers. Whereas a capped conventional syringe outside its wrapping can
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be suspected to have already been used, 
some vaccinators expressed concern
that 
 it was difficult to distinguish an unsterile, re-capped SOLOSHOT from a
sterile, capped SOLOSHOT. 
A vaccinator could conceivably contaminate a
multi-dose vial attempting to withdraw vaccine with a used SOLOSHOT. 
No such
occurrence was 
reported during the field trial with either SOLOSHOT or
conventional syringes. A spin-off collar around the needle shield, or some
similar method, could be added to help identify opened SOLOSHOT syringes.
 

The lack of a system for disposal of syringes and needles is a continuing
safety concern which needs to be addressed in Pakistan and elsewhere. WHO
and UNICEF recommend that disposable syringes and needles should only be used
if their destruction after a single use can be assured (20). 
 While SOLOSHOT
addresses the issue of reuse, the problem of destroying unsterile SOLOSHOT
syringes and needles would still need to be solved.
 

EFFECTIVENESS
 

SOLOSHCT is an effective injection device.
 

SOLOSHOT was effectively used by vaccinotors to provide immunizations with
all antigens tested. 
 98.7% of SOLOSHOT s:yringes performed according to their
design, above the 98% level set by WHO (13). 
 The average volume required per
dose delivered with SOLOSHOT was comparable to that cf the conventional
syringe and was delivered in less time. Residual viicc:'.ne was found in only
0.7% of SOLOSHOT syringes compared to 10.5% of conventional syringes,
indicating that vaccinators had fully depressed the plunger and delivered a
full dose of vaccine with almost all SOLOSHOT syringes.
 

Vaccinators were able to accomplish all immunization-related tasks with ease
more often with SOLOSHOT than with the conventional syringe, except for
aspiration and vaccine withdrawal from a nearly empty vial. 
Vaccinators
raised few objections to the current SOLOSHOT, other than its needle size.
There is every reason to expect that vaccinators would welcome the
introduction of SOLOSHOT into the Pakistan EPI. 
 Under field conditions, no
SOLOSHOT syringes with a syringeLOCK clip could be used a second time. 
Only
9/2400 were missing a clip and were potentially reusable.
 

SOLOSHOT resulted in short doses in 2.4% of attempted injections. SOLOSHOT
was least effective in delivering measles vaccine under field conditions, with
nearly 12% of all attempted measles injections ending in a vaccinator error.
Measles vaccine was also most difficult 
to deliver using the conventional
syringe, although the number of vaccinator errors was significantly less than
with SOLOSHOT. Two unique packaging features of measles vaccine likely
contributed to the difficulty vaccinators had in withdrawing a dose: 
 measles
vaccine is vacuum-packed and the vial has a thicker rubber stopper than other
vaccines. Needle penetration and successful vaccine withdrawal is
accomplished through a narrow slit in the stopper. 
With more focused training
and practice, SOLOSHOT should be equally effective in delivering DPT, DT, TT
and measles vaccine.
 
WHO guidelines emphasize that single-use equipment must be properly disposed
 
of after use (20). 
 Observed disposal practices with the conventional syringe
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did not suggest that SOLOSHOT would be adequately disposed of after use 
in
Pakistan. Disposal of non-reusable injection equipment is a continuing
 
concern.
 

REUSABILITY
 

SyringeLOCK is highly effective in preventing SOLOSHOT reuse.
 

SOLOSHOT did not meet the WHO criteria for non-reusable syringes which state
that withdrawal of the plunger should be impossible in 100% of syringes (13).
SOLOSHOT did not meet this criteria due to the 9 syringes (0.4%) which were
missing the syringeL0CK clip and were potentially reusable. None of the

syringes which had a syringeLOCK were reusable. 
Therefore, the reusability of
SOLOSPOT in these cases is
an issue of manufacturing quality control rather
 
than ot sign failure.
 

Before the field trial started, a simple method for inactivating the
syringeLOCK clip had been identified (21). 
 The clip could be removed by
sliding a letter opener or similar long metal object down the barrel of the
syringe and twisting out the plunger and clip. 
Based on this finding, the
manufacturer re-designed SOLOSHOT, increasing the number of barriers
 
positioned on the plunger. An adequate number of the new design were not
available for the field trial, but 200 non-sterile samples were provided for
 
tests of defeatability in Pakistan.
 

During the trial, vaccinators and observers had the opportunity to attempt to
defeat only the earlier version of the syringe which was the subject of the
field test. They discovered several successful methods to dislodge the clip,
including forcibly inserting a metal probe down the barrel. 
 During the last
day's technical closing session, vaccinators found that the clip in both the
tested version and re-designed version could also be removed if the syringe
barrel was gently heated with a match. After heating, the syringe barrel was
blackened. 
This obvious sign of tampering should prevent attempted reuse.
The observers who had previously inserted a 
metal probe with success into the
tested SOLOSHOT syringes to dislodge the clip did not have the required tools
at 
the closing session to attempt to defeat the re-designed sample. On his
first attempt, one of the authors (RS) succeeded in dislodging the clip on the
re-designed sample using a letter opener. 
The defeatability of the redesigned SOLOSHOT syringe should be evaluated in a variety of settings.
 

SPEED OF USE
 

SOLOSHOT is quicker to use than the conventional syringe.
 

SOLOSHOT meets the WHO performance criteria that it take no more than an
 average of 30 seconds longer to use than the conventional syringe (13). 
 In
fact, SOLOSHOT was quicker to use than the conventional syringe. This
advantage 
 extended over virtually all gioups by training, experience or
antigen. This is largely explained by the relative ease of filling the
syringe with vaccine due to the pre-set volume of the syringeLOCK. This

feature allows for rapid pullback of the plunger without concern for
overfilling. 
One area where SOLOSHOT was found to be more difficult, and thus
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potentially more time consuming, was in removing vaccine from a nearly empty

vial.
 

SOLOSHOT may appear quicker to use in part because only times for completed
injections are included in the analysis. 
For SOLOSHOT, with its single use
feature, the only injections included, therefore, were the relatively quicker
injections associated with vaccine withdrawals successful on the first
 
attempt. Unsuccessful first attempts resulted in the syringe locking, the
vaccination not being given and the injection not being included in the time
analysis. With the conventional syringe no similar inherent limitation in the
length of elapsed time existed. 
 If a short dose was drawn on the first
attempt, the vaccinator was free to make additional time-consuming attempts to
obtain the correct dose. 
However, with only 56 SOLOSHOT syringes excluded
from the time analysis because of short doses, it is unlikely that this
entirely explains the difference in time between SOLOSHOT and the conventional
 
syringe.
 

EXPERIENCE
 

SOLOSHOT could be used by both experienced and inexperienced vaccinators.
 

Prior experience in using conventional syringes had inconsistent effects on
SOLOSHOT performance. 
This may be because experienced vaccinators had to
unlearn syringe use before using SOLOSHOT, while the inexperienced
vaccinators brought no prior expectations. Experienced vaccinators found the
conventional syringe easier to use than did inexperienced vaccinators.
 

There was a persistent difference between experienced and inexperienced

vaccinators in elapsed time per injection which did not diminish with
 
vaccination sequence.
 

These results with experience are likely confounded by the sex of the
vaccinators as 23/24 inexperienced vaccinators were female while all 24 of

the experienced vaccinators were male. 
Other confoanders are that
inexperienced vaccinators were more likely to have been assigned to fixed
facilities and less likely to have been assigned to a familiar place of work.
All of the observers were male. 
The persistent difference between

experienced and inexperienced vaccinators might wholly or in part be
explained by these or other factors 
- such as education levels or
interactions between the vaccinator, patients and/or observer. 
Due to this
confounding, it is not possible to draw definitive conclusions about the
 
effects of experience on syringe usage.
 

Since it is not possible to reparate the effects of experience and vaccinator
gender, this study cannot estimate how many injections with SOLOSHOT are
 
necessary to diminish the effects of experience.
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TRAINING
 

Training had little effect on vaccinators' ability to use SOLOSHOT.
 

The similar performance of trained and untrained vaccinators using SOLOSHOT

indicates that introduction of SOLOSHOT may pose little additional training

burden on an existing EPI. Two important areas in which training had a
significant effect were average elapsed time per injection and syringe
wastage. Overall, uatrained vaccinators took 7% longer (2.2 seconds) per
injection with SOLOSHOT than did trained vaccinators. This difference,

however, was confined to the inexperienced group and was only significant for
the first injection, indicating that hands-on experience quickly achieved
 
similar results.
 

The effect of 
training on reducing syringe wastage is also significant and
 was again more pronounced among inexperienced vaccinators. However, trained

inexperienced vaccinators still wasted a greater proportion of SOLOSHOT
syringes than experienced vaccinators with no training, again demonstrating

the relative importance of experience as compared to training. Because the
majority of syringe wastage resulted from inability to withdraw a complete
dose on 
the first pullback of the plunger, future training should strongly

emphasize the proper method of filling the syringe with vaccine. 
Vaccinators
reported this as the most important message to include in any future training.

Current written training materials do not sufficiently address the issue of

careful needle placement prior to vaccine withdrawal.
 

The decline in attempted aspiration among vaccinators using SOLOSHOT as
compared to 
the conventional syringe was less among trained vaccinators. 
The

training they received specifically mentioned aspiration and trained
vaccinators were provided with a demonstration that aspiration could be
 
accomplished using SOLOSHOT.
 

It is unclear why training should have had the effect of increasing the
 presence of air following vaccine withdrawal or in the ease of expelling this

air, as neither point was addressed in the training materials. Trained
vaccinators, however, were verbally told 
to withdraw the plunger to the click.

If this advice was 
followed, more trained vaccinators would have withdrawn the
plunger beyond the .5 ml dose to 
.575 ml These vaccinators would then have
needed to adjust the dose. This might have included routinely flicking the
syringe, regardless of whether air was actually present. 
 Observers might have
recorded the flicking as an indication that air was actually present.
 

Regardless of training, vaccinators were easily able to withdraw a dose of
vaccine using SOLOSHOT. This indicates that vaccinators quickly learn about
 
the pre-set dose and single-use feature of SOLOSHOT during practical use.
 

In spite of the relatively weak effect of training on vaccinator performance,

38 of 48 vaccinators still reported that some 
training was necessary before
SOLOSHOT could be introduced into an existing EPI. 
 Seven of 16 fully trained
vaccinators, 8 of 16 who received a flyer and 6 of 
the 16 untrained

vaccinators said that they needed more training than they had received.
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Vaccinators recommended that the training last from one hour to 2 days. They
 
most often cited the need to prevent syringe wastage and to explain the
 
benefits of SOLOSHOT as reasons for providing training. Concern about safety
 
was not mentioned, and vaccinators felt that SOLOSHOT could be used safely
 
without aRiy prior training.
 

Vaccinators suggested the following points be included in training:

1) Do not pull back on the SOLOSHOT plunger before vaccine withdrawal;
 
2) Place the needle below the level of the vaccine before starting vaccine
 
withdrawal; and 3) Be careful when injecting with the relatively longer
 
needle. The first point represents an important behavior to unlearn among
 
vaccinators accustomed to injecting air into the vial before withdrawing
 
vaccine or unsticking the plunger before using a syringe.
 
Forty of 48 vaccinators also reported that practice with five or fewer
 

SOLOSHOT syringes would be adequate to ensure proper use.
 

PREFERENCE
 

Vaccinators preferred using SOLOSHOT to the conventional syringe.
 

Vaccinators preferred using SOLOSHOT on eight of nine indicators, including
 
overall preference. This provides both a strong argument for introducing the
 
syringe and a reasonable expectation that it will be accepted. For the most
 
part, vaccinator preference for SOLOSHOT is supported by observational data,
 
indicating that the preference was real rather than simply a perceived need to
 
rate favorably a new technological development.
 

Seven of the nine vaccinators who preferred the conventional syringe were
 
experienced vaccinators who felt that it was easier to withdraw vaccine with
 
the conventional syringe from either a full or nearly empty vial. Although
 
these vaccinators found SOLOSHOT faster to use, they apparently did not find
 
its pre-set dose helpful in withdrawing vaccine.
 

However, among all vaccinators, the most important reasons for preferring
 
SOLOSHOT were the ease with which a correct dose could be withdrawn due to
 
the preset volume provided by the clip, the reduced amount of air that enters
 
the syringe and the increased speed of the vaccination process resulting from
 
the easier vaccine withdrawal.
 

Vaccinator preference for SOLOSHOT was tempered by their dislike of the
 
longer, wider gauge needle and increased stiffness of the plunger. While the
 
needle size could be adjusted to meet local needs, the stiffness caused by the
 
clip is less likely to be remedied.
 

OPERATIONAL ISSUES
 

SOLOSHOT can be introduced into the EPI as a direct replacement for
 
disposable injection devices to give IM and subcutaneous injections.
 

The field trial identified some operational issues to be considered before
 
SOLOSHOT is introduced. With its volume of deliverable fluid dictated by the
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clip setting, SOLOSHOT is not currently produced in a configuration suitable
 
for BCG administration, or for reconstitution with the 5 to 10 ml volume of
 
diluent needed for lyophilized measles vaccine or with the I to 2 ml volume
 
required for BCG. Therefore, if SOLOSHOT is introduced into the EPI, strict
 
attention to 
the sterile use of other syringes and needles will continue to be
 
needed at the vaccination site.
 

The introduction into EPI of reconstitution syringes with extra long and
 
extra wide integral needles and with barrels not calibrated for .5 ml doses
 
may be needed, so that vaccinators faced with a shortage of SOLOSHOT syringes
 
cannot use these reconstitution devices for vaccination.
 

BCG syringes calibrated only to .05 and .1 ml and with integral 3/8 inch
 
needles may be needed 
to reduce the possibility of their inappropriate IM and
 
subcutaneous use during a shortage of SOLOSHOT syringes.
 

Whereas SOLOSHOT can still be used by vaccinators with little or no training,
 
it is likely that at all levels of the distribution system training for
 
storekeepers in determining supply requirements and in timely and steady re
supply with sufficient lead time will be needed. Storekeepers in the Pakistan
 
EPI are generally former vaccinators who have been assigned 
to storeroom
 
duties but have never 
received any training in stores management (3). Stock
out, shortages and hoarding of needles and syringes in 
the current EPI in many

countries sometimes result in the unsterile reuse or inappropriate attempts at
 
sterilization of conventional disposable devices. 
 Shortages in a future EPI
 
relying on SOLOSHOT syringes could result in a cessation of vaccination, or in
 
the repeated unsterile use of a number of over or under-sized syringes and
 
needles.
 

A recent logistics survey report on 
EPI in Sind Province (Pakistan)
 
documented that disposable syringes and needles are forwarded unsolicited
 
down to lower levels (3). These stocks were in excess 
of immediate
 
requirements and were observed overflowing available storage space. 
 The
 
report noted a security risk in the context of a growing climate of drug

abuse. There are an estimated 1.9 million heroin addicts in Pakistan (22).
 

During the course of the above logistics survey and of the SOLOSHOT field
 
trial, little evidence of strict accounting and disposal of used syringes and
 
needles was observed. The frequency and method of disposal and staff
 
responsibilities for disposal were not defined. 
The SOLOSHOT trial found
 
that used syringes are recapped and generally returned from outreach, usually

in flimsy plastic bags, to the base health facility, where they are dumped

into an open cardboard box without security precautions. Clearly defined
 
policy directives concerning distribution and disposal of syringes are needed.
 
Such problems will be compounded if SOLOSHOT is introduced into EPI since, 
to
 
the extent that current disposables are being reused, there will generally be
 
more SOLOSHOT syringes to be distributed and destroyed.
 

To the extent that conventional disposable syringes or needles are now
 
inappropriately being reused by the health services, additional stocks of
 
SOLOSHOT would be required. An NIH (Pakistan) planning and procurement
 
document estimates requirements for disposable needles to be five times the
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quantity required for disposable syringes (23). The small wastage rate of

SOLOSHOT syringes due to vaccinator error (3.5%) and the few syringes (5-10)

initially required per vaccinator for training would not need to be specially

calculated at the time of re-supply, since buffer stocks at each level should
provide a generous margin of safety of at least 25% 
over the expected

requirement for a given time period. 
Given its distinctive single-use

feature, SOLOSHOT would probably be less attractive than conventional devices

for diversion to other health services or to the private market.

Introduction 
of SOLOSHOT into EPI in some countries could affect the level

of activities in other government health services which have in the past
relied on overflow from the better-endowed EPI supply chain for syringes and
 
needles.
 

Storage requirements of SOLOSHOT relative to conventional syringes should be
less, depending again on 
the extent of current inappropriate reuse of
 
conventional devices. 
 The volume per packaged SOLOSHOT syringe is 33 cc,

which is 40% less than the 55 cc volume with the conventional syringe.
 

Unless a smoothly functioning distribution system is in place, transport

requirements for SOLOSHOT may increase as 
vaccinators at peripheral level are

faced with the choice either of disrupting vaccination activities for lack of

SOLOSHOT syringes or of collecting an unscheduled emergency re-supply.
 

Introduction of SOLOSHOT should have negligible impact on 
the number of vials
 
of vaccine required. The average number of doses withdrawn per vial using
SOLOSHOT in the field was greater than or equal to the average number using

conventional syringes for each antigen. 
These calculations also take into
 
account the vaccine wasted in all syringes which malfunctioned or could not be
used by the vaccinators. 
However, because the difference between the two
syringes was 1-2 doses at most, the potential savings in vaccine using

SOLOSHOT would be realized in only a very narrow range of circumstances,
where staff at busy sessions currently must open an additional vial for only

1 or 2 persons.
 

Before global introduction of SOLOSHOT into EPI, 
use in one country or in
provinces in several countries would identify important operational issues

which will need to be resolved to ensure a smooth transition from conventional
 
to SOLOSHOT syringes. 
For example, given the unknown level of inappropriate

reuse of syringes and unreliable vaccination reporting systems in many areas,

it will initially be difficult in some programs to estimate SOLOSHOT
 
requirements.
 

COST ISSUES
 

The introduction of SOLOSHOT will lead to greater costs for EPI but has the
 
potential to reduce total costs in the health sector.
 

A costing of the impact of introducing SOLOSHOT syringes could not be
 
conducted given the available time in Pakistan. 
The data requirements of a
 
representative costing are rather demanding.
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A 1987 costing prepared for WHO by two REACH consultants which analyzed a
pre-filled unit-dose Ezeject syringe and an auto-destruct syringe can serve
 
as a model for future cost studies (24). That study calculated the cost of
fully immunizing a child to be 1.1 times greater with auto-destruct syringes

than with the conventional syringes. The most important unknown is the

likely cost of SOLOSHOT. The cost will certainly be more 
than the

conventional syringe in use in Pakistan, which was purchased at a unit CIF
 cost of less than 5 cents. Conceivably, SOLOSHOT may cost twice as much.

The cost will also reflect the demand, which is difficult to predict but

assumed to be potentially very large, both withirA the public and commercial
 
sectors.
 

Cheaper local manufacture of SOLOSHOT in Pakistan is unlikely. 
A medical

supply company in Lahore, Pakistan may be capable of manufacturing disposable

syringes and needles but, due to 
customs duty on imported raw material, the
 
cost would be higher than for imported syringes.
 

Some additional training costs would be expected with the introduction of
SOLOSHOT, particularly training of storekeepers in management. 
To the extent

that disposable syringes are being inappropriately reused, the future use of a
single non-reusable syringe and needle for each injection could increase costs

due 
to the higher unit price per syringe, and due to the ordering, storage,

transport and disposal of greater numbers of syringes. However, assuming that

conventional disposable syringes are being used only a single time, then
SOLOSHOT use may result in savings in shipping and storage, given its smaller
 
volume per packaged syringe.
 

SOLOSHOT has minimal dead space and vaccine wastage by virtue of its integral

cannula. Its pre-set clip limits over-filling of the syringe. However,

greater wastage of SOLOSHOT syringes and vaccine due to withdrawal of short

doses can be expected. The higher number of doses withdrawn per vial with

SOLOSHOT during the field trial is unlikely to translate into much savings,

except in a narrow range of circumstances, where staff at 
busy vaccination
 
sessions must open another multi-dose vial for only I or 2 persons.
 

SOLOSHOT is faster to use but, unless the vaccination site is very busy, the

overall savings in terms of staff time is unlikely to be large.
 

SOLOSHOT will probably cost more 
than the current syringe, but its benefits
in terms of reduced infections and their attendant cost 
is likely to be
 
substantial.
 

DESIGN MODIFICATIONS
 

Some design modifications in SOLOSHOT are suggested from the study.
 

Although not indicated by observational data, vaccinators clearly reported

that aspiration for blood was 
easier with conventional syringes. They

suggested two modifications in SOLOSHOT design to increase the ease of

aspiration: increasing the syringe pre-set capacity beyond .575 cc and
 
',dening the grips (wings) at the end of the syringe barrel.
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The vaccinators recognized an important limitation in the ability of SOLOSHOT
 
to prevent overall syringe reuse within EPI and suggested that BCG syringes

also be fitted with clips. This would eliminate an additional type of
 
disposable, and potentially reusable, syringe, but would not address the
 
potential reuse of reconstitution syringes.
 

The vaccinators' preference for a shorter needle with a narrower gauge may be
 
more specific to Pakistan than their other suggested modifications. They are
 
presently accustomed to an unusual 24G, 3/4" needle on their conventional
 
syringe. 
The needle affixed to SOLOSHOT conforms to the WHO-recommended size
 
and gauge for IM and subcutaneous injections (10). Changing the needle to
 
meet local specifications should present little manufacturing difficulty.
 

Concern about wasting syringes when at least .5cc of vaccine is not withdrawn
 
on the first attempt prompted vaccinators to recommend that SOLOSHOT be
 
modified to permit some adjustment of the dose. Increasing SOLOSHOT capacity

beyond the current .575 cc limit would allow vaccinators an additional volume
 
into which the correct dose could be successfully withdrawn. Increasing

SOLOSHOT capacity, however, would also increase its potential utility outside
 
the EPI and might result in diversion of syringes.
 

Vaccinators also expressed concern that the current method of packaging

SOLOSHOT did not allow them to tell if the needle had been uncapped, rendered
 
unsterile, and then recapped without being used. Modifications to the
 
packaging so that its appearance would change after opening, such as a spin
off collar on 
the needle shield, would address this concern.
 

Vaccinatcrs commented that the appearance of sterility is important 
to retain
 
public confidence. 
SOLOSHOT is provided with shields over the needle and
 
thumb plate which ensure sterile fluid path. In dusty conditions, for
 
example when vaccination is offered at outreach sites, SOLOSHOT may not look
 
as clean as a conventional syringe from a freshly opened blister package. 
A
 
few inexpensive plastic bags may need to be provided loose in the box of 100
 
SOLOSHOT syringes, so that fewer than 100 could be carried in a clean
 
container to the field.
 

Of these suggestions recommended by the users, the spin-off collar and needle
 
size warrant most serious consideration.
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VI. CONCLUSIONS
 

Results from the field trial support the following conclusions:
 

SOLOSHOT can be used safely by vaccinators, regardless of their past

experience or training.
 

SOLOSHOT is an effective injection device.
 

SyringeLOCK is highly effective in preventing SOLOSHOT reuse.
 

SOLOSHOT is quicker to use than the conventional syringe.
 

SOLOSHOT can be used by both experienced and inexperienced vaccinators.
 

Training had little effect on vaccinators' ability to use 3OLOSHOT.
 

Vaccinators preferred using SOLOSHOT to the conventional syringe.
 

SOLOSHOT can be introduced into the EPI as a direct replacement for
 
disposable injection devices to give IM and subcutaneous injections.
 

The introduction of SOLOSHOT will lead to greatcr costs for EPI but has
 
the potential to reduce total costs in the health sector.
 

Some design modifications in SOLOSHOT are suggested from the study.
 

SOLOSHOT should be introduced in several countries in diverse settings to
 
define further its operational impact.
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FIGURE 1 

DIAGRAM OF SOLOSHOTTM 
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Figure 2: Study Design
 

Number of Attempted Injections per Cell
 

Syringe 1 2 3 
 4 5 6 Total
 

Conventional 240 240 240 240 
 240 240 1440
 

SOLOSHOT 400 400 400 
 400 400 400 2400
 

Total 640 640 640 
 640 640 640 3840
 

Figure 3: Description of Cells
 

Number of Injections (Cell Reference)
 

Training Experienced Inexperienced
 

Trained 640 (1) 640 (2)
 

Given Flyer 640 (3) 640 (4)
 

Untrained 640 (5) 640 (6)
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Figure 4: 
Summary of Overall Results of Attempted Injections
 

Indicator 


Function
 
Did the device 

function as
 
designed?
 

Reuse
 
Is the syringe reusable? 


Syringe Wastage
 
Were functional syringes
 
not used? 


Sterile Technique

Was sterile technique 

used by the vaccinator?
 

Vaccine Vithdraal
 
Could the vaccine be
 
withdrawn from the 

vial "With Ease?"
 

Presence of Air
 
Was air present in the
 
syringe following 

vaccine withdrawal?
 

Expulsion of Air
 
If air was present,

could it be expelled 

"With Ease?"
 

Attempted Blood Aspiration
 
Was there an attempt to
 
aspirate blood prior to 

injection?
 

Aspiration for Blood
 
When attempted, was
 
aspiration for blood done 

"With Ease?"
 

Residual Vaccine
 
Was there residual vaccine
 
in the syringe following 

injection?
 

Elapsed Time per Injection

What was the average length 

of time per injection?
 

Conventional 


99.9% 


100.0% 


0.8% 


98.3% 


47.9% 


93.0% 


54.1% 


38.0% 


97.2% 


10.5% 


43.3 sec. 
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SOLOSHOT P-Value 

98.7% NS 

0.4% <.001 

3.5% <.001 

98.9% NS 

92.2% <.001 

59.1% <.001 

87.6% <.001 

29.3% <.05 

99.3% NS 

0.7% <.001 

30.7 sec. <.001 



Figure 5: Summary of Effect of Experience
 

Indicator 


Syringe Wastage
 
Were functional syringes
 
not used? 


Sterile Technique
 
Was sterile technique
 
used by the vaccinator? 


Vaccine Withdrawal
 
Could the vaccine be
 
withdrawn from the
 
vial "With Ease?" 


Presence of Air
 
Was air present in the
 
syringe following

vaccine withdrawal? 


Expulsion of Air
 
If air was present,
 
could it be expelled

"With Ease?" 


Attempted Blood Aspiration
 
Was there an attempt to
 
aspirate blood prior to
 
injection? 


Blood Aspiration
 
When a.enipted, was blood
 
aspirationi done "With Ease?" 


Residual Vaccine
 
Was there residual vaccine
 
in the syringe following

injection? 


Elapsed Time per Injection
 
What was the average
 
length of time per

injection (in seconds)? 


Conventional 


Exper Inexp P 


1.0 1.0 NS 


97.9 98.7 NS 


62.2 38.9 <.01 


89.6 97.9 <.01 


72.1 41.3 <.01 


35.0 28.1 <.01 


97.0 98.5 NS 


8.3 16.8 <.001 


33.0 57.2 <.001 


SOLOSHOT
 

Exp-r Inexp P
 

2.0 6.2 <.001
 

98.8 99.2 NS
 

86.9 94.5 <.01
 

49.3 66.6 <.01
 

83.5 89.4 <.05
 

23.5 15.1 <.01
 

99.5 100.0 NS
 

1.2 0.5 NS
 

27.1 35.6 <.001
 

Note: Includes only Cells 1, 2, 5 and 6.
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Figure 6: Summary of Effect of Training for SOLOSHOT
 

Indicator 
 Trained 


Syringe Wastage
 
Were functional syringes
 
not used? 
 2.9% 


Sterile Technique
 
Was sterile technique 99.1% 

used by the vaccinator?
 

Vaccine Withdrawal
 
Could the vaccine be
 
withdrawn from the 
 90.3% 

vial "With Ease?"
 

Presence of Air
 
Was air present in the
 
syringe following 62.0% 

vaccirne withdrawal?
 

Expulsion of Air
 
If air was present,
 
could it be expelled 93.7% 

"With Ease?"
 

Attempted Blood Aspiration
 
Was there an attempt to
 
aspirate blood prior to 24.3% 

injection?
 

Aspiration for Blood
 
When attempted, was blood
 
aspiration done 
 99.5% 

"With Ease?"
 

Residual Vaccine
 
Was there residual vaccine
 
in the syringe following 1.3% 

injection?
 

Elapsed Time per Injection
 
What was the average length 30.2 sec. 

of time per injection?
 

Note: Includes only Cells 1, 2, 5 and 6.
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Untrained P-Value 

5.3% <.01 

98.9% NS 

91.1% NS 

53.4% <.001 

78.7% <.001 

14.4% <.001 

100.0% NS 

0.4% NS 

32.4 sec. <.05 



-- 

Figure 7: Summary of Results on User Preference
 

Question N 

Which syringe allowed you 
to withdraw vaccine more 
easily from a full vial? 47 

Which syringe allowed you 
to withdraw vaccine more 
easily from a vial with 
a few doses remaining? 46 

Which syringe allowed 
you to expel air bubbles 
more easily? 47 

Which syringe allowed you 
to aspirate for blood 
more easily? 35 

Which syringe allowed you 
to give the correct dose 
more easily? 48 

Which syringe allowed you 
to complete the injection 
more easily? 48 

Which syringe was easier 
to use? 48 

Which syringe would you
prefer to use? 48 

Which syringe was faster 
to use? 48 

Con.(Z) 


13 (27.7) 


26 (56.5) 


5 (10.6) 


26 (74.3) 


1 (2.1) 


9 (18.8) 


10 (20.8) 


9 (18.8) 


3 (6.3) 


SOLO(%) 


32 (68.1) 


17 (37.0) 


41 (87.2) 


4 (11.4) 


47 (97.9) 


31 (64.6) 


36 (75.0) 


38 (79.2) 


44 (91.7) 


No Diff./
 
No Pref. 


2 (4.3) 


3 (6.5) 


1 (2.1) 


5 (14.3) 


8 (16.7) 


2 (4.2) 


1 (2.1) 


1 (2.1) 


P
 

<.05
 

NS
 

<.01
 

<.01
 

<.001
 

<.01
 

<.01
 

<.01
 

<.001
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Figure 8: Reasons for Malfunctioning Syringes
 

Reason for Malfunction Conventional SOLOSHOT 

Leaked 1 0 

Needle Blocked 1 0 

No Clip n/a 9 

Piston Stuck 0 21 

Total 2 30 
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Figure 9: Syringe Wastage*
 

1 2 3 4 5 6 Total
 

Con 3/240 3/240 1/239 1/239 2/239 2/240 12/1437
 

SOLO 6/399 17/395 7/383 10/397 10/396 32/395 82/2365
 
"Excluding Syringes which mal~inctioned
 

Figure 10: Reasons for Vaccinator Errors
 

Reason for Error Conventional SOLOSHOT
 

Failed to withdraw .5 cc
 
on first attempt n/a 56
 

Non-sterile technique 6 10
 

Needle bent during
 
vaccine withdrawal 0 1
 

Activated clip
 

prematurely n/a 10
 

Not Recorded 1 3
 

Other 5 2
 

Total 12 82
 

Figure 11: Vaccinator Errors by Training and Experience
 

Exper. Inexper. Total
 

Con. 1.3 1.3 1.3
 
Trained
 

SOLO 1.5 4.3 2.9
 

Con. C.8 0.8 0.8
 
Not Trained
 

SOLO 2.5 8.1 5.3
 

Con. 1.0 1.0 1.0
 
Total
 

SOLO 2.0 6.2 4.1
 

Note: Includes only Cells 1, 2, 5, and 6.
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Figure 12: Syringe Wastage by Antigen 

Antigen Con SOLO 

DT 0/235 (0) 4/386 (1.0) 

DPT 5/591 (0.8) 19/811 (2.3) 

TT 3/446 (0.7) 26/874 (3.0) 

Measles 0/152 (0) 27/205 (13.2) 

Total 8/1424(0.6) 76/2276 (3.3) 
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Figure 13: Acceptable Sterile Technique
 

By Cell and Syringe
 

CELL
 

Syringe 
 1 2 3 4 5 6 Total
 

Con. 230 
 234 230 234 234 236 1398
Yes
 

SOLO 388 377 374 
 384 381 363 2267
 

Con. 7 5 
 5 3 3 1 24

No
 

SOLO 4 3 8 
 3 5 3 26
 

Con. 237 239 
 235 237 237 237 1422
Total
 

SOLO 392 380 
 382 387 386 366 2293
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Figure 14: Reasons for Non-Sterile Technique
 

Non-Sterile Technique Conventional SOLOSHOT
 

Touched by Finger 9 9
 

Touched Anything Else 4 
 8
 

Unknown 11 9
 

Total 24 26
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Figure 15: Ease of Vaccine Withdrawal
 

By Cell and Syringe
 

CELL 

Syringe 1 2 3 4 5 6 Total 

With Ease 
Con. 161 139 120 84 133 47 684 

SOLO 335 380 376 381 354 363 2189 

Not With Con. 76 99 118 154 103 193 743 
Ease 

SOLO 62 15 21 17 42 28 185 

Con 237 238 238 238 236 240 1427 
Total I 

SOLO 397 395 397 398 396 391 2374 

Figure 16: Ease of Vaccine Withdrawal:
 
Percent of Injections Rated as Being Done "With Ease,"


By Syringe, Experience and Training
 

Syringe Exper. Inexper. Total
 

Con. 67.9 58.4 63.2
 
Trained
 

SOLO 84.4 96.2 90.3
 

Con. 56.4 19.6 37.8
 
Untrained _
 

SOLO 89.4 92.6 91.1
 

Con. 62.2 38.9 50.4
 
Total
 

SOLO 86.9 94.5 90.6
 

Note: Includes only Cells 1, 2, 5 and 6.
 

43
 



Figure 17: Ease of Vaccine Withdrawal 
By Syringe, Training and Experience 

Syringe 

Conventional H SOLOSHOT 

Percent of Withdrawals "With Ease" 

100 

80 

60 

4. .................
 

40 
... ....... .. 
 . 

20. 

0 
Trained Untrained Experienced Inexperienced Total 

Group 
Note: Includes only Cells 1, 2, 5 and 6. 
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Figure 18: Presence of Air in a Syringe
 

Present 

Not 
Present 

Total 

Syringe 

Con. 

SOLO 

Con. 

SOLO 

Con. 
SOLO 

1 

192 

195 

45 

197 

237 
392 

Trained 

Untrained 

Total 

By Cell and Syringe
 

CELL
 

2 3 4 5 6 Total 

236 227 208 231 230 1324 

285 233 241 188 212 1354 

2 10 30 4 8 99 

97 149 146 197 152 938 

238 237 238 235 238 1423 
382 382 387 385 2292 

Figure 19: Presence of Air in Syringe:
 
Percent of Injections with Air Present
 
AMter Withdrawal of Vaccine from Vial,
 
By Syringe, Experience and Training
 

Syringe Exper. Inexper. Total
 

Con. 81.0 99.2 90.1
 
-

SOLO 49.7 74.6 62.0
 

Con. 98.3 96.6 97.4
 

SOLO 48.8 58.2 53.4
 

Con. 89.6 97.9 93.8
 

SOLO 49.3 66.6 57.8
 

Note: Includes only Cells 1, 2, 5 and 6.
 

45
 



Figure 20: Presence of Air after Filling
 
By Syringe, Training and Experience
 

Syringe 

Conventional SOLOSHOT 

Percent with Air Present 
100 

..........
80 ............. 


........
60 .... 

40 [ ...............
 

20 

0 
Trained Untrained Experienced Inexperienced T.ntal 

Group 
Note: Includes only Cells 1, 2, 5 and 6. 
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Figure 21: Expulsion of Air 

By Cell and Syringe 

CELL 

Syringe 1 2 3 4 5 6 Total 

With Ease 
Con. 156 109 93 117 126 78 679 

SOLO 167 261 182 208 121 171 1110 

With Con. 35 120 il 90 74 146 576 
Difficulty I 

SOLO 11 18 28 21 46 33 157 

Total 
Con. 191 229 204 207 200 224 1255 

SOLO 178 279 210 239 167 204 1267 

Figure 22: Percent of injections which had air present

in which the expulsion of air was rated "With Ease,"
 
By Syringe, Experience and Training
 

Syringe Exper. Inexper. Total 

Con. 81.7 47.6 63.1 
Trained 

SOLO 93.8 93.6 93.7 

Untrained 
Con. 63.0 34.8 48.1 

SOLO 72.5 83.8 78.7 

Con. 72.1 41.3 55.6 
Total 

SOLO 83.5 89.4 87.0 

Note: Includes only Cells 1, 2, 5 and 6.
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Figure 23: Ease of Expulsion of Air 
By Syringe, Training and Experience 

Syringe 

Conventional SOLOSHOT 

Percent of Withdrawals "With Ease" 
100
 

. ..
80...... ................................... .............. ......
 

80 

6. .... ............ ............
60 M 

40 

20 

0 
Trained Untrained Experienced Inexperienced Total 

Group 
Note: Includes only Cells 1, 2, 5 and 6. 
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Figure 24: Injections in Which
 
Blood Aspiration was Attempted,
 
By Cell and Syringe
 

CELL
 

Syringe 1 2 3 4 5 6 Total
 

Con. 77 57 66 176 88 76 540
 
Attempted
 

SOLO 109 78 96 279 73 34 669
 

Not Con. 159 180 168 62 147 160 876
 
Attempted
 

SOLO 283 300 287 106 308 329 1613
 

Con. 236 237 234 238 235 236 1416
 
Total
 

SOLO 392 378 383 385 381 363 2282
 

Figure 25: 	Percent of Injections in Which
 
Blood Aspiration was Attempted,
 
By Syringe, Training and Experience
 

Syringe Exper. Inexper. Total
 

Con. 32.6 24.1 28.3
 
Trained
 

SOLO 27.8 20.6 24.3
 

Con. 37.4 32.2 34.8
 
Untrained
 

SOLO 19.2 9.4 14.4
 

Con. 35.0 28.1 31.6
 
Total
 

SOLO 23.5 15.1 19.4
 

Note: Includes only Cells 1, 2, 5 and 6.
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Fig. 26: Attempted Aspiration for Blood 
By Syringe, Training and Experience 

Syringe 

Conventional f SOLOSHOT 

% of Injections with Attempt 
100 

80 

60 

"40
 

20 ..........
 

0 
Trained Untrained Experienced Inexperienced Total 

Group 
Note: Includes only Cells 1, 2, 5and 6. 
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Figure 27: 	Ease of Blood Aspiration in
 
Those Attempting Aspiration,

By Cell and Syringe
 

CELL 

Syringe 1 2 3 4 5 6 Total 

With Con. 74 56 64 170 86 75 525 
Ease 

SOLO 108 78 93 278 73 34 664 

With Con. 3 1 2 6 2 1 15 
Difficulty 

SOLO 1 0 3 1 0 0 5 

Total 
Con. 77 57 66 176 88 76 540 

SOLO 109 78 96 279 73 34 669 

Figure 28: Percent of Attempted Aspirations "With Ease"
 

Syringe Exper. Inexper. Total
 

97.0
Trained 	 Con. 96.1 98.2 


SOLO 99.1 100 
 99.5
 

Con. 97.7 98.7 
 98.2
 
Untrained
 

SOLO 100 100 100
 

Con. 97.0 98.5 97.7
Total
 

SOLO 99.5 
 100 99.7
 

Note: Includes only Cells 1, 2, 5 and 6.
 

51
 



Figure 29: Residual Vaccine in Syringe
 

By Cell and Syringe
 

CELL
 

Syringe 1 2 
 3 4 5 6 Total
 

Con. 26 35 15 15 13 45 149
 
Yes
 

SOLO 9 1 1 1 0 3 15
 

Con. 210 203 220 223 220 
 192 1268
 
No
 

SOLO 379 376 382 385 383 
 360 2265
 

Con. 236 238 
 235 238 233 237 1417
 
Total
 

SOLO 388 377 383 386 383 363 2280
 

Figure 30: 	Percent of Syringes which had
 
Residual Vaccine after the Injection,

By Syringe, Experience and Training
 

Syringe Exper. Inexper. Total
 

Con. 11.0 14.7 12.9
 
Trained
 

SOLO 2.3 0.3 1.3
 

Con. 5.6 19.0 12.3
 
Untrained
 

SOLO 0 0.8 0.4
 

Con. 8.3 16.8 12.6
Total
 
SOLO 
 1.2 
 0.5 
 0.9
 

Note: Include only Cells 1, 2, 5 and 6.
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Figure 31: Vaccine Remaining in Syringe
 
By Syringe, Training and Experience
 

Syringe 

M Conventional SOLOSHOT 

Percent with vaccine remaining 
20 

15 ... ...............................................................
 

...
.......
.....
5 ................ 


0 
Trained Untrained Experienced Inexperienced Total 

Group 
Note: Includes only Cells 1,2, 5and 6. 
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Figure 32: 	Average Elapsed Time per Injection
 
By Cell and Syringe
 
Mean (St. Dev.)
 

Syringe 1 2 3 4 5 6 Avg. 

Conventional 33.9 
(11.7) 

54.2 
(19.1) 

33.8 
(10.2) 

45.2 
(19.8) 

32.1 
(11.2) 

60.2 43.3 
(23.5) (19.9 

SOLOSHOT 26.5 
(10.8) 

33.9 
(12.7) 

29.3 
(10.7) 

30.2 
(9.8) 

27.6 
(11.0) 

37.2 30.7 
(15.1) (12.3 

Figure 33: Average Elapsed Time per Injection
 

By Experience and Training
 

Syringe Exper. Inexper. Total
 

Con. 33.9 54.2 44.1
 
Trained
 

SOLO 26.5 33.9 30.2
 

Con. 32.1 60.2 46.2
Untrained
 

SOLO 27.6 37.2 32.4
 

Con. 33.0 57.2 45.1
Total
 
SOLO 
 27.1 
 35.6 
 31.4
 

Note: Includes only Cells 1, 2, 5 and 6.
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Figure 34: Average Elapsed Time
 
per Injection
 

By Syringe, Training and Experience
 

Syringe
 

Conventional SOLOSHOT
 

Elapsed Time (Seconds) 
60 

... ...... . ...... ....... .. .............
5 0 . . ........... .. . ........ ..... ... .. ............... .. ... .......... .........
.


40.... .................................. .......... .... .......
 

.....
30 . . 

......20 

10 

0 

Trained Untrained Experienced Inexperienced Total 

Group 
Note: Includes only Cells 1,2, 5 and 
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Figure 35: Average Elapsed Time per Injection By Antigen
 

Antigen Conventional SOLOSHOT 
Seconds (St. Dev.) Seconds (St. Dev.) 

DT 33.7 (10.9) 26.5 (9.8) 

DPT 45.9 (19.8) 31.4 (11.9) 

TT 41.8 (19.1) 30.5 (12.1) 

Measles 52.3 (26.7) 36.7 (15.9) 

Overall 
Average 43.3 (19.9) 30.7 (12.3) 
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Figure 36: Average Elapsed Time
 
Per Injection
 

By Syringe and Antigen
 

Syringe 

Conventional SOLOSHOT 

Average Elapsed Time per Injection 
60 

...........
50 . ......... . .. . ...... ..... ............ ... ........................................... 


...
40 ...................... 


...
3 0 . . .. . 

20 

10 

DT DPT TT Measles Overall 

Antigen 

57 



FIGURE 37 

Average Elapsed Time per Injection
 
By Syringe
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FIGURE 38 

Average Elapsed Time per Injection 
For Conventional Syringe by Experience 
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FI[IRE 39 

Average Elapsed Time per Injection

For SOLOSHOT by Experience
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FI;IRE 40 

Average Elapsed Time per Injection 
For SOLOSHOT by Training 
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Figure 41: Average Number of Doses of Vaccinu
 
Withdrawn per Vial
 

Antigen Con SOLO 

DT 16.9 17.2 

DPT 16.6 18.1 

TT 16.7 17.2 

Measles 7.6 7.5 
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ANNEX 1
 

STAFF REQUIRED
 

Field Evaluation Medical Supervisors (2)
 

Col. M. Akram Khan, EPI/CDD Project Manager
 

Dr. Ali Gohar Leghari, EPI Director, Sind
 

Coordinator (Part Time)
 

Dr. Muqeet Oureshi, Assistant EPI Director, Sind
 

Assistant Coordinator (Part Time)
 

Miss Anis, EPI Administrative Officer, Karachi
 

Principal Investigators (2)
 

Robert Steinglass, Senior Technical Officer, REACH
 

David Boyd, Technical Associate, REACH
 

Co-Investigators (2)
 

Dr. Ahson Oavi, FSMO, EPI, Sind
 
Dr. Shakkur Abbasi, Medical Officer, Karachi East
 

Observers (16)
 

Medical Officers designated by District Health Officers
 

Vaccinators (48)
 

Selected from current EPI vaccinators, stratified into more
 
experienced and les3 experienced groups
 

Drivers (4)
 

Two from AID
 
Two from MOB
 

Data Entry Person (2)
 

Contracted from private company
 

63
 



ANNEX 2a 

FIELD EVALUATION MEDICAL SUPERVISOR
 
JOB DESCRIPTION
 

-Obtain written concurrence to conduct study from Pakistan MOH with study
 
area and dates specified
 

-Obtain written statement regarding no objection far using SOLOSHOT on
 
human subjects
 

-Provide medical input to the design and implementation of the field
 

study
 

-Ensure participation and cooperation of study participants
 

-Authorize use of MOP vehicles required for the study
 

-Consult with principal investigators when a medical judgement is
 
required d1r.ing the course of the trial
 

-Participate, as required, in training sessions for observers and fully
 
trained vaccinator group and in the wrap-up discussions of user
 
acceptability and the potential reuse or misuse of the SOLOSHOT device
 

-Review draft study report before finalization.
 



ANNEX 2b
 

INVESTIGATOR
 
JOB DESCRIPTION
 

-Identify study location, randomly assign selected participants to
 

training groups and develop a schedule for observers and investigators
 

during the field trial
 

-Review training materials for technical content and compatibility with
 

Pakisr.n national EPI policies
 

-Become proficient in use of SOLOSHOT device
 

-Train sixteen observers to use the SOLOSHOT device, observe vaccination
 

sessions, complete all data collection instruments and label the syringes
 

and vaccine vials used during the trial
 

-Standardize the methods observers use to record vaccinator activities
 
during the field trial
 

-Train or brief 48 vaccinators, as appropriate.
 

-Randomly assign vials of vaccine to vaccinators prior to start of field
 

trial
 

-Work with Assistant Coordinator to implement daily schedules for
 

observers and vehicles
 

-Consult with observers and Field Evaluation Medical Supervisor regarding
 

the suspension of a vaccination session due to failure of the SOLOSHOT
 

device or unsafe health worker practices
 

-Review data collected for completeness and accuracy, discuss progress
 

and solve implementation problems each day prior to leaving the study
 

site
 

-Forward completed data forms to data entry personnel
 

-Develop data entry program, train personnel to enter study data,
 

supervise data entry process and review entered data to identify any
 

inconsistent or implausible responses.
 

-Measure the volume remaining in each vial of vaccine used during the
 

field trial
 

-Dispose of all properly functioning SOLOSHOT devices
 

-Return all malfunctioning SOLOSHOT devices to the manufacturer
 

-Facilitate wrap-up session and discussion of user acceptability,
 

practical issues surrounding the introduction of SOLOSHOT, possible ways
 

to reuse or misuse SOLOSHOT, and design modifications
 



-Determine the number of doses of each vaccine vhich can be vithdrawn by
 

vaccinators using conventional and SOLOSHOT devices under controlled
 
conditions at the conclusion of the study
 

-Complete descriptive assessment of the projected logistical impact of
 

introducing the SOLOSHOT relative to the disposable devices currently in
 

use
 

-Obtain signed receipts for all per ciem paid to field trial
 

participants
 

-Analyze and interpret study results, prepare final report
 

-Brief MOB, USAID and HO personnel on study results
 



i.LEX 2c
 

OBSERVER
 
JOB DESCRIPTION
 

-Attend training to become familiar with the study protocol and
 
SOLOSHOT and to learn standardized methods of observation and data
 
recording on collection instruments
 

-Become proficient in use of SOLOSHOT syringe
 

-Attend training sessions for vaccinators
 

-Learn criteria for terminating vaccination session due to unsafe
 
health worker practices or malfunctioning SOLOSHOT syringes
 

-Brief community promoters, when appropriate, prior to start of
 
immunization session on the importance of immunization, target age
 
groups, time and location of session
 

-Pay per diem to promoters at the end of the promoter's involvement
 
in the study
 

-Label all vials of vaccine at the beginning of each vaccination
 
session with the date, vaccinator ID number, antigen type and number

of vial and the type of syringe with which it is to be exclusively

used
 

-Label disposal containers for functioning and malfunctioning
 

SOLOSHOT syringes with vaccinator name and ID number
 

-Observe all assigned vaccinators during vaccination sessions to:
 

-Complete the data collection form for each vaccination given
 

-Terminate the use of SOLOSHOT during the session-if the
 
syringe fails on five consecutive attempts
 

-Call attention to unsafe health worker practices or terminate
 
.vaccination session based on unsafe health worker practices
 

-Label all malfunctioning syringes with vaccinator ID number and
 
the number of the syringe
 

-Collect, clip and dispose of all malfunctioning SOLOSHOT
 
syringes in designated container and return to study supervisors
 
at the end of each vaccination session
 

-Collect, clip and dispose of all functioning SOLOSHOT syringes

in designated container and return to 
study supervisors at
 
completion of field trial
 

-Collect all vials of vaccine in dezignated envelope and return
 
to study supervisors at the end of each session
 



-Complete disposal practices data collection instrument at the
 
end . each vaccination session
 

-Complete user acceptability data collection instrument at the
 
end of the observation of each vaccinator
 

-Attend wrap-up session at end of full field evaluation to test
 
defeatability of SOLOSHOT and to provide feedback regarding user
 
acceptability, design modifications, and impact of introducing
 
SOLOSHOT into EPI
 



ANNEX 2d
 

VACCINATOR
 
JOB DESCRIPTION
 

-Participate in training session on the use of the SOLOSHOT device if
 
included in the "fully trained" study group
 

-Give vaccinations with conventional and SOLOSHOT device in accordance
 
with MOH and EPI routine policies.
 

-Dispose of conventional syringes in accordance with normal practice at
 
the conclusion of each vaccination session
 

-Complete the User Acceptibility questionnaire as requested by study
 
Observers
 

-Participate in wrap-up session to discuss the user acceptability of
 
SOLOSHOT, potential for reusing or misusing SOLOSHOT and the practical
 
issues regarding its introduction
 



Annex 3
 
Observer Data Collection Instrument
 

DI STUICT:
RASICR ALY N lM T: P
 
PACE 


DATES OP OUSRRVATION: 
_ACrINAn, 

ORSENIR NANI P_
I NAM 


I EVIEWED.
 

FINAL VERIPICATION:
 

____________________________ENTRED, 

SYRINGE i, SYRINGE 
VAACINE?YARIINA SEOPLUNGER I AArCgPTARL 

TYPE -- _ 

NOAE 

T Y P E __ _ 

T PE 

NO. __ 

TYPE 

TYP 

TYPE -

O. -

TY EIO
TYPE _ _ 

O. 

TYPE 

N + -

TIME -IT RD IoASPIRATIONT I tVi ii, LA L I IT A SE ITII AS E 
IDPT 6 ItlN __ III -- I[T,, -- III B y D I T T I U L T y I U L T IGIVIC T YS 

- TNOT DONE NOT DONE -IA "I I- I -T H I T 
U0 I __ lWITH ASE I__ TH ASE __ WITH ASEID P I I --- I N~. _ _ I-- YT,I lvfIT,, '-I T NI TI S I -- IDIrPICULTY IDIPrICULTY IDIPPICULTYN -I 

m 

EAsLES SEr | TO__IOTDone 1OT DONE DoNEI I I T 'ONE -
D1in l. ',, t t I ITH EAS E l_ I . tAs rlOFTD I'?S I :WITH IWIT" I T,

0 T. U IDIPtrICULTY loI rICULTT IDIPICULTYI EA LES S 3 I _ _ NT D o~I N T DONE N OT O NE -
I _ _ I II--I_ I -I U T I lW T . EASE IWI TI. A E W T H A SE:oTT I Ip _ _ W T Hl VEi I I . -

ITT I l IDIPrICULTY IDIrPICULTY IDIPF ICULTYMEASLES ISEC __ INnT DONE - NT DONE INOT DONE -_G I_I _ 
- I

I II TH £ S IW Y A - IWtTH -ES:- -

SID T I I3 
n 

I T U E E IW IT EN :VY T TI ISI I IDr C L T Y IDIWT,CI L T T VIIT HIASL S I n c InT D mC II Y CO LT IDIPPTCULTY 
-M* I S E --C ID N NNOT DONE 

T -I I ITIH I.ASE I;IT- EASt WIT EA -A -

IDPT o - I m. I ITH -- -

_TT_ II . IVTHNO TTI.S I IP ICULTY IDIPrtCULTY IDIprICULTYIEASLE I IE. INOT DONE ___NOT DONE _ INOT DONE -
-bTI -A I_--

DT S I l ii , LA E WI , E S I N- EASEI PT I I I . [VITH -- fT IWIT" 
nT I - IDITPICULTY - DIPPICULTY IDIPrICULTYIM ASL E$ ' IS C . I_ 0?NOTDONE T ONE INOT DUNEO MEI 

___ I I -- I -
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Annex 	4
 

DISPOSAL PRACTICES DATA COLLEION INSTRUMr
 

I completed
DISTRICT: I rev!wved "' 
BASIC HEALTH UNIT: ientered 
DATE OF OBSERVATION: 	 i verified 
OBSERVER'S NAME: 	 ------------------------------


EVALUATE DISPOSAL AT END OF DAY'S SESSION: 
 ANSVER EACH QUESTION BY TICKING
 
THE APPROPRIATE RESPONSE(S)
 

1) Vere the syringes disposed of at the end of the day's session?
 

Ilits 	 lIIO
 

2) Where vere the syringes kept until disposal?
 

[ IN A LOCM CUPBOARD
 
S IN ALOOmRoou
 
! !IN A LOCKED CUPBOARD IN A LOCM ROOM
i iOT (SPECIFY):
 

3) In what type of container were the syringes kept before disposal?
 

a) if open container (large enough for hand):
 

TYPE: 	 ! !CARDBOARD
 
I J PLASTIC

IJMrAL
I voom
 
SOTHI (specify):
 

b) if closed container (not large enough for hand):
 

TYPE: I i CARDBOARD 
I I PLASTIC 

* (INErALI I bomn' 
[ ] OTHER (specify):
 

ANSVU 	ONLY IF DISPOSAL VAS OBSERVED (IF NOT, GO TO QUESTION 11)
 

4) At the time of disposal, was the container full?
 

(IYES
 

iMO
 

5) Vere there any syringes or needles sticking out?
 

TI
ES
lnos
 

6) How 	were the syi -ges disposed of? (Check all that apply)
 

! I COMPLETELI BURNED 	 I I COMPLET BURIED IN THE SOILI I INCOMPLETELT BURNED [ I INCOMPLTET BURIED
 
NOT BURNED [ NOT BURIED
 

[ ] OTHU (specify):
 

(reduced from 8 " x 14" paper)
 
over
 



7) Who disposed of syringes?
 

! IVACCINATOR 
I CLEANKR 
] OoT (specify):
 

8) 
Did staff travel less than 1/4 kilometer from vaccination session to
 
dispose of syringes?
 

YIE'S
 
Io
 

9) Were syringes disposed of in less than 15 minutes?
 

[YES
 
(INO
 

REXARKSz
 

10) Was any needle-stick observed?
 

[ ] YES (If yes, describe fully)
 
(]No


REARKS_
 

ANSVER ONLY IF DISPOSAL WILL NOT BE OBSERVED 

11) 	 According to vaccinator, disposal vill take place:
 

I WHN THE CONTAINER IS FULL
 
I AT THE END OF THE DAY

IAPPROXflATELY DAYS LATEI OTHE (specifylY. 

12) 	 Who vill dispose of syringes?
 

[CLANER

IjVACCINATOR


( i OTHE (SPECIFY):
 

13) 	 Vill staff travel less than 1/4 km. from vaccination session to
 
dispose of syringes?
 

[ JYES (HOW FAR?
N]o
 

14) 	 Hov vill syringes be disposed of?
 

! I BURNED 
IIBURIED
 

I I DISCARDED ABOVE THE SOIL
[ ] OTHER (SPECIFY):
 

15) 
 Will it take more or less than 15 minutes to dispose of syringes?
 

i 	ORE 
IILESSRMNARKS: (approx. hov many minutes?)
 

(reduced from 8b" x 14" paper)
 



Annex 5 

USER ACCEPTABLILITY DAT&
 
COLLECTION INSTRUMENT
 

FULL NARE OF VACCINATOR (Print)
 

DISTRICT 


BASIC 	8ALTN UNITI 


PART I - Circle the choice for each question
 

It a. Was it easy or difficult to withdraw 
vaccine from a full vial? 

-Using conventional syringe 

I Very easy 3 Difficult 

2 easy 4 Very Difficult 


-Using SOLOSMOT 

I very easy 3 Difficult 

2 Easy 4 Very Difficult 


b. Which syringe allowed you to more 
easily withdraw 

vaccine from a full vial? (Circle one) 


Conventional SOLOSHOT 
 No 	Difference 


2) a. Was it easy or difficult to withdraw vaccine 

from a vial with a few doses remaining? 


-Using conventional syringe 

I Very easy 3 Difficult 

2 easy 	 4 Very difficult 


-Using SOLOSROT 

1 Very easy 3 Difficult 

2 Easy 	 4 Very difficult 


b. Which syringe allowed you to more easily withdraw 

vaccine from a vial with a few doses remaining? 


Conventional SOLOSNOT 
 No 	Difference 


3) a. Was it easy or difficult 
to expel air bubbles? 

-Using conventional syringe

1 Very easy 3 Difficult 
2 Easy 	 4 Very difficult 


-Using SOLOSNOT 

I Very easy 3 Difeicult 

I easy 	 4 Very difficult 


b. Which syringe allowed you to more 

easily expel air bubbles? 


nventional SOLOSNOT 
 No 	Difference 


completed_
 
reviewedI
 
entered_
 
verified__
 

4) a. 	Was it easy or difficult to
 
aspirate for blood?
 

-Using conventional syringe
 
I Very easy 3 Difficult
 
2 Easy 4 Very difficult
 

-Using SOLOSMOT 
1 Very Easy 3 Difficult 
2 enasy 4 Very Difficult 

b. 	Which syringe allowed you to more
 
easily aspirate for blood?
 

Conventional 
 SOLOSHOT No Difference
 

5) a. 	Was it easy or difficult
 
to give a correct dose?
 

-Using convetional syringe
 
I Very easy 3 Difficult
 
2 Easy 4 Very difficult
 

-Using SOLOSNOT
 
I Very easy 3 Difficult
 
2 Easy 4 Very difficult
 

b. Which syringe allowed you to more
 
easily give the correct dose?
 

Conventional SOLOSNOT 
 No 	Difference
 

6) a. 	Was it easy or difficult to
 
fully complete the injection?
 

-Using conventional syringe

I Very easy 3 Difficult
 
2 Easy 4 Very difficult
 

-Using SOLOSNOT
 
I Very easy 3 Difficult
 
2 Easy •4 Very difficult
 

b. 	Which syringe allowed you to nore easily

complete the injection?
 

Conventional SOLOSNOT 
 No 	Difference
 

-over



PaRr xI 
73 Which syrfnue we 

I I CONVENTIONAL 

easier to use? (TICK OnE) 81 Which syrinqo vas faster to use? (TICK ONE) 

I I COX-KETIONAL 
I SSOLOSNOT 

I I SOLOSUOT 
M3 *OTE WERM AleUT TNE SAN I NsOTE WERE ABOUT TUE SANE 

WRITE REASON UNT IF NOT ABOUT TII SANE: WRITE REASON WE1 IF NOT ABOUT TOM SANE: 

91 Which syringe Would you prefer to 0oP (TICK 03) 1M3 
Now Much training do you think vaccluotor. will good
 
to use the BRIEGOLOCK device 
correctly? (TICK 0333
I I CONVENTIONAL 

I I NOI TEAl I RlCEIVED
 
I I SOLOlOoT 

I I LESS TEAM I RECEIVED 
I I NO PRElEIICE-AIOUT TE SANE I I Tl SANK 

flITI REASON WRY IF 
 lRlERRD PRE OVER TER OTEERt 
 OENERAL CORNEITS 0N 
TYPE AND LENOTE OF TRAININO:
 

[I1 List 3 positive aud I Negative things about 123 If this field evaluation wore 
to b repeated is

using the SOLOSUOT device In your daily work: 
 another coutey 
what cbaie. can 
you muggat,
 

POSITIT 
 NEGATIVE
 

1. _ 
1.
 

2. 

2.
 

131 If approved by the 
Now Is Pahistan 
 do you thisk the SOLOSROT could be 
Introduced without 

PPecltic tgsimial? 

lIVES 
 NI!o
 

EIPLAIN:
 



ANNEX 6
 

FILLING THE OBSERVER DATA COLLECTION FORM
 

ITEM 
 WHAT TO RECORD REQUIRED COMMENTS
 
(with some examples)
 

ELAPSED TIME
 

-Stopwatch started as soon as
 
packaging first opened and stopped Minutes and
 
after needle withdrawn Seconds
 

-Stopwatch not activated, not
 
stopped or malfunctions 
 Forgot
 

-Syringe filled in advance, and 
 Filled in Advance
 
placed on table 
 [1><
 
-Vaccination disrupted Minutes and Vaccination
 

Seconds Disrupted
 

VACCINE WITHDRAWL
 

-At least .5 ml. filled on single With Ease
 
pullback
 

-At least .5 ml. filled on more With Difficulty
 
than one pullback
 

Too Much Air
 
-Unable to fill .5 ml. 
 Not Done Piston Stuck
 

Piston Pulled in
 

AIR EXPULSION
 

-Air present, expelled with less With Ease
 
than four flicks
 

-Air present, expelled with four With Difficulty
 
or more flicks
 

-Air present, no expulsion attempted Not Done 
 Expulsion Not
 

Attempted
 

-Air Dresent, expulsion not successful Not Done Expulsion Not
 

Successful
 
-Air -,t present (expulsion not
 
necessary)
 

V' 



ITEM 


ASPIRATION 


-Customary single pulling motion 


-Second pull required 


-Not attempted 


VACCINATION
 

-Given 


-Not Given 


ACCEPTABLE STERILE TECHNIQUE
 

-Needle touches inside of cap, 

rupper stopper, injection site only
 

-Needlp touches anything elte 

before injection 


VACCINE LEFT IN SYRINGE
 

-More than one drop 


-One drop or less 


SYRINGE PERFORMANCE
 

-Syringe performed according to 

mechanical design
 

-Syringe did not perform according 

to mechanical design
 

-Syringe leaked 


-Syringe never used to withdraw 

vaccine 


WHAT TO RECORD 


With Ease
 

With Difficulty
 

Not Done
 

T(Thigh), A(Arm)
 
B(Buttocks)
 

Not Given 


Yes
 

No 


Yes
 

No
 

Functioned
 

Malfunctioned 


Leaked
 

Not Used 


REQUIRED COMMENTS
 
(with some examples)
 

Too Much Air
 
Patient left
 
Short Dose
 
Syringe
 

Contaminated
 
Intercession
 
(Explain)
 

Guided by Finger,
 
Touched Table
 

Piston Stuck
 

Syringe Fell
 
on Floor
 
Played with
 
Syringe
 



SYRINGE CAN BE WITHDRAWN SECOND TIME? 

-Disc proximate to clip withdrawn 
past .5ml. 

Yes 

-Disc proximate to clip withdrawn 
less than .5 ml 

No 



ANNEX 7a
 

MORNING CHECKLIST FOR OBSERVER
 

1. 	 Make sure to have envelopes with forms, stopwatch, 50 SOLOSHOTS, separate

plastic containers for used and malfunctioned SOLOSHOTS, tape, pens and
 
pencil, sharpeners, rubbers, plastic bags and carry bags before leaving
 
home.
 

2. 	 Report directly to assigned fixed center or hospital by 8:30 a.m. and
 
meet designated vaccinator.
 

3. 	 Before setting out to vaccination site, ensure vaccinator haD all needed
 
supplies: each and every vial of DPT, TT, DT, measles and measles water
 
from that vaccinator's plastic container; additional vials of BCG BCG
 
water and polio vials; sufficient BCG syringes and needles and I.
 
syringes and needles (24G X 3/4" tuberculin syringes), so that each
 
injection can be given with a single, sterile needle and sterile syringe;

normal supplies and equipment such as vaccination cards, registers,

thermoflask, vaccine carrier, reconstitution syringes and needles etc.
 

4. 	 Proceed to designated vaccination site.
 

V. 	 At the vaccination table, select either "Convention (CON)" or "SOLOSHOT 
(SS " vials of each vaccine, based on the type of syringe to be used at 
start of vaccination session. Label all vials, once they are opened

with: date, vaccinator i.d. number and the number of the vial.
 

/l 
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Annex 7b
 

DAILY CHECKLIST FOR OBSERVERS AT END OF VACCINATION SESSION
 

i. 	Review all forms for completeness:
 

- Collect all partially-filled or completed pages of "Data Collection
 

Instrument" for observed vaccinator at end cf day
 

- A "Disposal Practices" form must be filled each day.
 

- A "User Acceptability" form must be filled out if you have
 
finished observing the vaccinator give the 80 immunizations.
 

!. Tell the vaccinator the assignment for the next day.
 

Instruct vaccinator to return all unopened vials to the p!asti(; container
 
with the vaccinator's name inside the refrigerator at the health facility
 
(if necessary, these %ill be used in the study on the follo'ing day).
 

i. 	Collect all opened, labeled vials in a plastic bag to be returned to
 
investigator at the ansigned meeting place.
 

i. Collect all functioning SOLOSHOTs and all labeled malfunctioning SOLOSHOTs
 
in their separate plastic containers to be returned to investizatir at the
 
meeting place.
 



Annex 7c
 

AFTERNOON CHECKLIST FOR INVESTIGATORS AT MEETING
 
WITH OBSERVERS AND DSV
 

1. 	 Discuss with observers their progress, constraints and any concerns about
 
safety or syringe malfunction which may be grounds for suspension of
 
individual vaccinators or of the trial itself. Also ask about and record
 
any concerns expressed by the vaccinator about syringe performance,

including friction or stiffness.
 

2. 	 Discuss following day's schedule with observers and re-confirm meeting

places for next day.
 

3. 	 Quickly review filled data cullection forms for completeness and collect
 
them 	in the envelope marked for that vaccinator.
 

4. 	 Fill top of next day's data collection forms for the observer, including

the type and number of syringe to start next day with (and, if
 
appropriate, mark the line corresponding to SS no. 1) and write at top of
 
data form, the number of the vial of each vaccine to be used next (For

example; "SOLOSHOT: DPT 4, TT 2, DT 2, Measles 3"). Return forms to
 
observer.
 

5. 	 Collect plastic bag containing all used vials as identified on the forms.
 
Ensure that they have been properly labeled (with date, type of syringe,

vaccinator's i.d. number and the vial number). Place plastic bag

containing vials in envelope marked for that vaccinator.
 

6. 	 Check that each SCTOSHOT listed on the data collection form as having

malfunctioned has been labeled with the date vaccinator i.d. number and
 
injection number. Collect malfunctioning SOLOSHOTS from observer and
 
place in investigator's container. Return observer's container for
 
malfunctioning SOLOSHOTS to observer.
 

7. 	 Empty observer's plastic container of used SOLOSHOTS into investigator's

ontainer. Return observer's plastic container for used SOLOSHOTS to
 

observer.
 

8. 	 Give observer 50 SOLOSHOT Eyringes for following day. If observer will
 
begin observing a new vaccinator the following day, give observer new
 
envelope with forms for that vaccinator.
 

9. 	 Travel to designated location to meet with other investigators at
 
3:00 	p.m.
 



ANNEX 8 

DIAGRAM OF TRAINING CELLS 

Training Cell Duration Curricula 

1. "Full" 1-2 hours Study Objectives 
Rationale 
Demonstration 
-filling 
-expulsion 
of air 

Giving injection 
-sterile technique 
-aspirating 
-angle and site of 
injection 

Disposal 
-needle protection 
-storage/transport 
of used supplies 

2. "Flyer" 45 minutes Study Objectives 

3. "None" ----

Teaching Methods
 

-5-8 minute standard
 
verbal briefing on
 
purpose of the field
 
evaluation prior to
 
first use of syringe
 

-flyer provided
 
-lecture
 
-visual presentation
 
-demonstration
 
-group practice
 
-individuel supervised
 
practice
 

-questions and answers
 

-5-8 minute standard
 
verbal briefing on
 
purpose of the field
 
evaluation prior to
 
first use of syringe
 

-flyer provided
 
-demonstration syringes
 
provided
 



Annex 9 

SOLOSHT TM * 

A SINGLE USE DISPOSABLE SYRINGE 

A TRAINING MANUAL FOR TRAINERS 

SOLOSHOT is a trademark of Becton, Dckinson and Company. 



TRAINING HEALTH WORKERS TO USE THE SOLOSHOTTh* SYRINGE
 

NOTE TO THE TRAINER
 

The 	goal of this training course is for vaccinators to learn the skills
 
necessary to immunize using the one-time use, self-destruct SOLOSHOT
 
syringe. The course is not intended as a comprehensive training course
 
in how to immunize; rather it is specific to the particular task of
 
learning how to use the self-destruct SOLOSHOT syringe.
 

The following lesson plan and enclosed materials constitute your guide
 
to training vaccinators to use this new syringe.
 

The training session should emphasize what vaccinators must do differ
ently when they use the SOLOSHOT syringe. It is estimated that the
 
training session should take you between one and two hours to complete.
 
The training session will consist of three sections:
 

1. 	The presentation and description of the SOLOSHOT syringe.
 

2. 	The demonstration of how the SOLOSHOT self-destruct syringe
 
works.
 

3. 	A practice session and the evaluation of the vaccinators' use
 
and understanding of the SOLOSHOT syringe.
 

Follow the steps below to proceed with the training in the most
 
effective way:
 

1. 	Read the goals and objectives of the lesson plan very carefully.

They will help you to explain to the participants what they will
 
learn and what they will be able to do at the end of the
 
session.
 

2. 	Read and study the information found in the enclosed materials
 
and in the flyer. This will help you become familiar with the
 
way the SOLOSHOT syringe works, so you feel comfortable in the
 
training and in answering the questions that may come up.
 

3. 	Rehearse the questions you will ask trainees at the end of the
 
session, and be familiar with the correct answers. The
 
questions will help you evaluate whether the information you
 
covered was well understood and what areas you may need to
 
review with the trainees.
 

4. 	Make sure you feel comfortable using the SOLOSHOT syringe.
 
Practice using the SOLOSHOT syringe before the training. Also
 
practice the steps you will follow in your demonstration
 
exercise.
 

*SOLOSHOT is a trademark of Becton, Dickinson and Company.
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5. 	Make sure you have all the equipment you need ready ahead of
 
time.
 

6. As a prerequisite for this training, health workers must have a 
basic knowledge and understanding of certain immunization terms 
and procedures. Define what these are and assess the partici
pants' levels of knowledge of the terms and procedures. (For 
example, you want to make sure all trainees know correct dosage, 
what the six target diseases are, what a plunger is,what you 
mean by needle cap, what is meant by aspiration, what sterile 
is,et:.) You can assess the participants' knowledge at the 
beginning of the training through an informal group discussion, 
and a question and answer session. It is important that the 
trainees not feel that this is a test. You may approach the 
assessment by asking participants to briefly introduce them
selves, where they are from, how often they give immunizations 
at their centers, what types of immunizations they give, what 
doses of vaccine they give, and whether aspiration is a practice 
in their area. Add any other questions you think would provide
 
you with useful information about the participants. Try to have
 
everyone participate to some degree in the discussion, so You
 
get a good feel for the knowledge level in the group.
 

At the end of the session give each participant a flyer to keep. Make
 
sure you are very familiar with the contents of the flyer. The flyer
 
summarizes the information you covered during the trining. Allow the
 
vaccinators a few minutes to look over the flyer and to ask questions.
 



THE LESSON PLAN: 	 TRAINING HEALTH WORKERS TO USE THE NEW SELF-DESTRUCT
 
SOLOSHOT SYRINGE.
 

OBJECTIVES:
 

GENERAL:
 

By the end of the training session vaccinators should have a clear
 
understandind of how SOLOSHOT works and should be able to demonstrate
 
proper use of this new, self-destruct SOLOSHOT syringe.
 

SPECIFIC:
 

By the end of the 	training session the vaccinators should be able to:
 

1. 	Describe the self-destruct syringe, list its main characteris
tics, and tell you why it is important to use SOLOSHOT syringes.
 

2. 	Describe the differences between the SOLOSHOT syringe and other
 
syringes they use.
 

3. 	Demonstrate the proper use of the SOLOSHOT syringe.
 

METHODS:
 

The 	trainer will use three methods:
 

1. 	The oral presentation
 

During the presentation the trainer will give a detailed
 
description of the SOLOSHOT syringe, its main characteristics,
 
why 	it should be used, what differentiates SOLOSHOT syringes
 
from other syringes, and how it works. Illustrations and models
 
of SOLOSHOT syringes will be passed around to participants to
 
illustrate the points made.
 

2. 	The demonstration of the use of the SOLOSHOT syrinqe
 

After the SOLOSHOT syringe has been described in detail, the
 
tra; er will carry out a step by step demonstration of its use.
 
The demonstration should be as similar to the real situation as
 
possible. All the tools needed for the demonstration must be
 
prepared ahead of time. It is estimated that the presentation
 
and the demonstration should takp oo more than one hour.
 

4
 



3. The practice session on the use of the SOLOSHOT syringe
 

The practice session will give each trainee the chance to
 
practice using SOLOSHOT syringes in a controlled situation. The
 
trainer can observe whether any difficulties or problems are
 
being faced by the participants, and can answer questions that
 
may arise as a result of the practice session. The practice
 
session will take approximately one hour, depending on the
 
number of participants.
 

I 

CONTENTS OF THE TRAINING:
 

I. DESCRIPTION OF THE SELF-DESTRUCT SOLOSHOT SYRINGE
 

INTRODUCTION:
 

As you all know, the EPI is one of our most important programs. The
 
goal of the EPI is to promote the well being of the people of this
 
land by protecting the children from childhood diseases and by
 
reducing the amount of sickness and death that is caused by the six
 
diseases targeted by the program.
 

Many components are crucial to the success of such an effort: for
 
example, proper storing and handling of vaccines, the proper timing
 
for the administration of the vaccines, the exact dosage, the method
 
of administration of the vaccine, and the proper handling of the
 
tools for the administration of the vaccines are all important.
 
(There may be other factors that are as important that you may wish
 
to mention).
 

All the above factors are important, but the session today will
 
focus on the use and handling of a new kind of syringe called the
 
SOLOSHOT that self-destructs after one use.
 

WHAT ISTHE NEW SELF-DESTRUCT SOLOSHOT SYRINGE?:
 

The self-destruct SOLOSHOT syringe is a disposable syringe that can
 
only be used once. It is nearly the same as other syringes you have
 
used. The difference is that it is equipped with a simple metal
 
device that locks the plunger and renders the SOLOSHOT syringe
 
nonreusable.
 

Note to the trainer: Pass around a self-destruct SOLOSHOT syringe
 
so that trainees may have a chance to look at it more closely. Ask
 
participants not to pull on the plunger but just to observe the
 
different parts of the SOLOSHOT syringe. Encourage participants to
 
stop you and ask questions if anything is unclear.
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The lock on the SOLOSHOT's plunger permits only two movements: a
 
single movement pulling the plunger back to load the vaccine into
 
the syringe, and a single movement pushing the plunger forward to
 
administe'r the vaccine. The plunger will then lock in place,
 
preventing re-use of the syringe.
 

Note to the trainer: Demonstrate the two motions and the locking of
 
the plunger. Have the trainees note the position of the lock when
 
the syringe is first unpacked, Jie position after the syringe is
 
loaded, and finally the position of the lock once the vaccine has
 
been administered.
 

MAIN CHARACTERISTICS OF SOLOSHOT SYRINGES:
 

1. 	The plunger can be pulled back only once to fill the syringe
 
with vaccine and can be pushed forward in the barrel only once
 
before it locks into position. The plunger must be pulled back
 
slowly.
 

2. 	The SOLOSHOT syringe automatically locks after one full dose of
 
0.5 ml of vaccine has been delivered. No liquid can be drawn
 
into the syringe after one dose has been administered.
 

3. 	The SOLOSHOT syringe has a set volume of 0.5 ml, allowing a head
 
space to insure removal of air bubbles and to adjust for the
 
exact dose.
 

Note to the trainer: Aspiration is no longer considered
 
necessary with vaccines. If it is not the common practice in
 
your area, skip the next point and go on to number 5.
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4. Aspiration for blood after the needle has been inserted into the
skin can be carried out when using the self-destruct SOLOSHOT
syringe. Aspiration isdone by pulling back gently on the
plunger. Wait a moment to see ifany blood is drawn into the
 
syringe.
 

5. The SOLOSHOT syringe cannot be used to inject air into the vial

before any vaccine is withdrawn.
 

6. Under no circumstances should the locking device be removed from

the barrel of the syringe.
 

7. The SOLOSHOT syringe isdesigned so that vaccine wastage may
potentially be reduced. 
The lock isplaced so that only the
required amount of vaccine can be drawn from the vial 
into the

syringe.
 

8. The use of the SOLOSHOT syringe does not change the need for
following all the EPI guidelines for proper use and handling of
vaccines. Vaccinators must check vaccine expiration dates,
handle the vaccines with care, and store vaccines under proper

conditions.
 

WHY USE SOLOSHOT SYRINGES:
 

Infections can easily be transmitted by improperly sterilized
syringes and needles. 
 This concern isespecially serious due to the
risk of transmitting hepatitis B and AIDS viruses by reusing
contaminated syringes. 
 Improved safety and efficiency in the delivery of maternal and child immunizations is a top priority for EPI
programs worldwide. The SOLOSHOT syringe provides health workers
with a tool that will 
result in a decrease in the risk of
contamination and infection.
 

SOLOSHOT syringes will also prevent a 
certain amount of vaccine
wastage, since they are designed in such a 
way that only the
required amount of vaccine can be withdrawn from the vaccine vial.
 



!. 	INSTRUCTIONS AND DEMONSTRATION OF THE USE OF SOLOSHOT SYRINGES:
 

Note to the trainer: Make sure all the equipment you need for the
 
demonstration is prepared ahead of time.
 

Materials needed for the demonstration:
 

- syringes & needles;
 

- vaccine vial (filled with water);
 

- pot'ato, orange, or empty container in which to inject the
 
contents of the syringe; and
 

- appropriate container in which to place the used syringes 
and needles. 

Explain the following instructions to the vaccinators, go over each
 
step, and demonstrate as you go. Make sure everyone can hear and
 
see the demonstration. Allow time for questions, and repeat the
 
demonstration if necessary. Ask questions and talk to the trainees
 
to see if everyone understood. Be sure to emphasize the points that
 
appear in darker print.
 

1. 	Remove the caps from the end of the plunger and the tip of the
 
needle. Notice that the plunger of the syringe is inserted all
 
the way into the barrel of the syringe.
 

Do not move the plunger of the syringe until you are ready to
 
withdraw the liquid from the vaccine vial. Remember SOLOSHOT
 
syringes allow you only one backward and one forward motion of
 
the plunger of the syringe. If you move the plunQer back and
 
forth it will lock so the syringe cannot be filled.
 

When using SOLOSHOT syringes, you cannot inject air into the
 
vaccine vial before drawing in the vaccine.
 



2. 	To fill the syringe, insert the needle into the vaccine vial.

Slowly pull the plunger back to fill the syringe with the usual 
dose. If ynu pull the plunqer back fast you may feel some
 
resistance and it may be a little harder to withdraw vaccine.
 

3. 	Withdraw the needle from the vaccine vial. 
 Point the needle
 
upwards and tap the side of the barrel to bring any air bubbles
 
to the top. Slowly push the plunger forward to adjust the dose
 
of vaccine at the 0.5 ml mark.
 

4. 	Clean the skin around the injection site and insert the needle.
 
Ifyou are aspirating to check for blood, gently pull the
 
plunger back against the lock, and check for blood in the
 
syringe.
 

5. 	Slowlv.push the plunger forward and inject the vaccine. 
 Note
 
that the syringe is now locked and cannot be refilled.
 

N 

6. 	Withdraw the needle and place the syrine and the needle in the
 
designated container for proper disposal.
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PRACTICE AND EVALUATION OF THE USE OF THE SELF-DESTRUCT SOLOSHOT
 
SYRINGE:
 

Note to the trainer: Once the demonstration is completed, allow the
 
trainees to practice using the self-destruct SOLOSHOT syringe. Pro
vide each trainee or group with a vial full of water, and an object
 
(fruit, vegetable, etc.) in which to inject the liquid. You may
 
wish to organize the trainees in working groups of two or three
 
persons. However, each person should get at least one chance to do
 
the task. You may also wish to have the trainees role-play an
 
immunization session using the SOLOSHOT syringe. It is estimated
 
that this' part of the training should take approximately 30 minutes
 
to 1 hour. During the practice session, make sure that you observe
 
the trainees practicing and note the following:
 

1. 	Do any vaccinators have a tendency to pull the plunger back and
 
forth to "loosen it"? It is important that vaccinators not do
 
this; it would lock the syringe before usa and result in a lot
 
of wasted syringes.
 

2. 	Do any vaccinators have problems filling the syringe with
 
vaccine? Many vaccinators are still instructed to inject air
 
into the vial first, a practice that is not possible with the
 
SOLOSHOT syringe.
 

3. 	Do vaccinators have any problems with the use of the SOLOSHOT
 
syringe? Record what these are for later discussion.
 

CONCLUSION:
 

Note to the trainer: After each participant ha: had a chance to
 
practice with a SOLOSHOT syringe, have a short group discussion to
 
assess problems, reactions, and lessons learned during the practice
 
session. Allow time for questions, for the group to share their
 
observations and reactions, and for you to give feedback on what you
 
observed during the practice session. Without identifying the
 
persons point out some of the more common mistakes you observed.
 
Describe the problem and suggest a better way of resolving the
 
problem.
 

To conclude the training session, summarize the main points covered,
 
or a.k participants to hel2, you do so (i.e., the self-destruct
 
SOLOSHOT syringe has a metal locking device in the 'arrel, can be
 
use. only once, etc.). Tell them when they can expect to :tart
 
using the self-destruct syringes.
 

Distribute the flyers. Go over the flyer briefly with the trainees.
 
Allow a few minutes for the trainees to look at the flyer and ask
 
questions. Finally, thank the participants for their time and
 
effort and encourage trainees to seek your help anytime they have
 
problems with the use of a SOLOSHOT syringe.
 

EAOO114V
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Annex 10
 

SOLOSHOTTM *
 

What Is SOLOSHOT? 

The SOLOSHOT syringe is a single use disposable syringe. A metal device that is in the barrel of
the SOLOSHOT syringe locks the plunger and renders the syringe nonreusable after one dose of 
vaccine has been delivered. 

•The lock allows QxfJqto m ntsof the plunger of the SoLOSHOT syringe.
*The plunger can be puiled back oD= to fill the vaccine. 
*The plunger can be pushed into the barrel once to administer the va,.cine. 
•The pluniger is then locked into position and the SOLOSHOT syringe becomes nonreusabl:. 

How To Use The SOLOSHOT Syringe. 

1. Remove the caps from the end of the syringe and the tip of the needle. CAUTION: Do no
pull the lunger back and forth to loosen it. This will lock the olunger so the syringe. 
cannot be filled. 

2. Insert the needle into the vaccine vial and slowly pull the plunger back to fill the syringe with 
the usual dose. The plunger will stop slightly beyond the 0.5 ml mark. 

3. Remove the needle from the vial. Point upward and tap the side of the syringe to expel any
air bubbles. If needed, slowly push the plunger to adjust the dose of vaccine at exactly the 
0.5 ml mark. 

4. Clean the skin and insert me needle. If aspirating for blood, pull thiplunger back slightly. 

5. To administer the vaccine, uHJLtx.push the plunger forward and inject the vaccine. The 
plunger is now locked into position and the SOLOSHOT syringe cannot be refilled. 

6. Place the SOLOSHOT syringe in the proper disposal container. 

REMEMBER * DO NOT MOVF. THE PLUNGER BACK AND FORTH. 
" DO NOT USE SOLOSHOT TO INJECT AIR INTO THE VIAL BEFORE DRAWING THE 

VACCINE, 
" ONLY MOVE THE PLUNGER TO FILL THE SOLOSHOT SYRINGE AND TO GIVE THE 

VACCINE. 
" REUSE OF CONTAMINATED SYRINGES CAN CAUSE DISEASE. 

•SotoSo is a trademark of Becton, Dickinson and Company. 
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BRIEFING MATERIAL
 
FOR VACCINATORS
 

1. Disposable syringes are commonly used in Pakistan and in many other
 
countries for outreach or during mass vaccination campaigns.
 

2. National and international authorities are concerned about the re-use
 
of i1sposable syringes and the possibility of transmitting hepatitis B or
 
AIDS.
 

3. About three years ago, WHO invited inventors and manufacturers to
 
develop a disposable syringe that could only be used once.
 

4. WHO asked different agencies to help sponsor and organize field trials
 
of the different inventions. A.I.D. and its REACH Project agreed to
 
sponsor the trial of one new syringe called SOLOSHOT, manufactured by
 
Becton Dickinson and Company.
 

5. Paki.'tan was selected for the field trial of the SOLOSHOT syringe
 
because:
 

a. Disposable syringes have been used for a long time in Pakistan.
 
EPI workerj in Pakistan know disposable syringes.
 

b. Pakistan has a weli organized EPI and the NIH (Islamabad) was
 
very interested in conducting the field trial.
 

6. Durin7 the trial, one observer will watch each of you give up to 60
 
vaccinations with the SOLOSHOT syringe and with the disposable syringe you
 
normally use. An Observer will sit close to you to observe the use of the
 
syringes.
 

7. We are here to observe the new syringes, not to test your performance.
 
Vaccinate the children and women in your clinic as you would on any other
 
day. The observer will try not to interfere with you in any way. Thank
 
you.
 


