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From March to May 2009, the 
Food and Drug Administra-
tion (FDA) issued statements 

through several outlets warning 
against using the same insulin pen 
to administer insulin to multiple 
patients.1-4 These alerts were issued 
following the release of informa-
tion that two military hospitals 
inappropriately used insulin pens to 
administer medication to multiple 
patients, and over 2000 patients were 
at risk of contracting blood-borne 
pathogens, including viral hepatitis 
and human immunodeficiency virus 
(HIV).5,6 Insulin pens are only ap-
proved for single-patient use, and 
FDA indicated that even though the 
needles were changed between uses, 
the patients were at risk due to pos-
sible biological contamination in 
the pen cartridges.1-4,7 While insulin 
pen cartridges contain preserva-
tives, the complete spectrum of their 
antimicrobial activity is unknown, 

Purpose. Biological contamination of insu-
lin pens in a hospital setting was studied.
Methods. This prospective study, conduct-
ed at two hospitals within a multihospital 
system, examined 125 insulin pens that 
had been returned to the inpatient phar-
macies after patient discharge and were re-
frigerated for up to 48 hours before labora-
tory testing. Insulin was removed from the  
125 pens and examined microscopically 
for the presence of nucleated cells and red 
blood cells (RBCs). Positive samples were 
examined by a pathologist to determine 
the cell types present. An immunochro-
matographic assay was used to determine 
the presence of free hemoglobin in the in-
sulin. The 10 control samples were negative 
on microscopic examination.
Results. Out of 125 insulin pens, 7 (5.6%) 
tested positive for cells or hemoglobin. 

Microscopic examination revealed six posi-
tive samples containing a total of nine cells, 
including macrophages, squamous cells, 
and an RBC. The sample containing the RBC 
was not the same sample that tested posi-
tive for hemoglobin. Based on findings of 
intact cells and hemoglobin in insulin pens 
after administration, the potential exists 
for transmission of infectious agents from 
patient to patient if a single pen cartridge 
is used to administer insulin to multiple 
patients, even if a new needle is used for 
each individual.
Conclusion. Examination of 125 insulin 
pens used in hospitals revealed hemoglo-
bin in 1 pen and at least one cell in another 
6 pens. The nine detected cells consisted of 
four squamous epithelial cells, four macro-
phages, and one RBC.
Am J Health-Syst Pharm. 2013; 70:1244-9

and intracellular pathogens are most 
likely not exposed to the preserva-
tives; these facts have led to concern 
that pathogens may be transmitted 
during insulin pen misuse.8,9 Imme-
diately after the initial press release 
from one of the hospitals involved 
and before the FDA alert, the Insti-
tute for Safe Medication Practices 

(ISMP) issued a similar warning con-
cerning the improper use of insulin 
pens,10 and then other groups, such 
as the American Medical Association, 
passed along the warnings to their 
constituents.11-14 Despite these widely 
disseminated warnings, Dean Health 
System in Madison, Wisconsin, re-
ported that over 2000 patients were 
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at risk of contracting blood-borne 
illness through inappropriate reuse 
of insulin demonstration pens and 
fingerstick devices by a diabetes 
nurse educator during patient educa-
tion training sessions between 2006 
and 2011.15-17 One patient has filed a 
lawsuit claiming that he contracted 
hepatitis C as a result of the nurse’s 
negligence. The Centers for Disease 
Control and Prevention addressed 
proper insulin pen use again after 
this most recent incident, including 
reminders that pens are only to be 
used for 1 patient, pens should be 
properly labeled, health care facilities 
should review policies and educate 
staff on proper use, and facilities 
should notify patients if reuse occurs 
so they may undergo proper test-
ing.18 But even with reiteration of the 
warnings, Veterans Affairs Western 
New York Healthcare System in Janu-
ary 2013 notified approximately 700 
patients that they were possibly ex-
posed to blood-borne pathogens be-
tween October 2010 and November 
2012 due to improper use of insulin 
pens on multiple patients.19 After this 
incident and a similar occurrence at 
a different New York hospital,20 ISMP 
issued a Medication Safety Alert urg-
ing hospitals to consider eliminating 
insulin pen use for inpatients because 
education and monitoring may not 
be enough to stem misuse.21

While there is widespread concern 
about disease transmission due to re-
peated instances of misuse of insulin 
pens in hospitals, to our knowledge 
no studies have been conducted in 
the United States to determine if 
contamination occurs with repeated 
use of insulin pens. The objective of 
this study was to determine whether 
intact patient cells infiltrate sterile in-
sulin pen reservoirs during repeated 
use.

Methods
Sample collection. This prospec-

tive study, conducted at two hospitals 
within a multihospital system, ex-
amined 125 insulin pens (NovoLog 

FlexPen, Novo Nordisk, Princeton, 
NJ) that had been returned to the in-
patient pharmacies after patient dis-
charge and were refrigerated for up 
to 48 hours before laboratory testing. 
For study inclusion, each pen must 
have contained less than 250 units of 
insulin by visual inspection, indicat-
ing the pen had been used. Any pen 
marked with any patient identifier 
that had not been removed by the 
pharmacy staff was excluded from 
the study to protect patient privacy. 
Ten unused pens of the same type 
(lot VZF0367) were used for control 
comparison. Pens were collected 
from January to March 2009.

Sample preparation. Insulin vi-
als were removed from their plastic 
pen casing, and all samples were 
kept on ice during processing. The 
plunger was removed from the vial, 
and the insulin was transferred to a 
15-mL conical tube. The tube was 
centrifuged for five minutes at 125g 
and 4 °C. After centrifugation, 150 
mL of supernatant was removed for 
hemoglobin testing (described be-
low). The empty vial was rinsed with 
2 mL of sterile insulin (NovoLog, 
Novo Nordisk) to remove any re-
sidual sample. The rinse insulin was 
added to the original insulin, and the 
tube was centrifuged again under the 
same conditions. Most of the super-
natant was removed and discarded. 
The sediment was resuspended in the 
remaining 0.5 mL of supernatant for 
microscopic examination.

Hemoglobin analysis. Free he-
moglobin from damaged red blood 
cells (RBCs) was detected using a 
direct immunochromatographic as-
say (ABAcard Hematrace, Abacus 
Diagnostics, Inc., West Hills, CA, lot 
3280604), which is specific for the 
hemoglobin molecule and detects 
hemoglobin concentrations of >0.05 
mg/mL. The assay was performed 
according to the manufacturer’s 
instructions. Briefly, 150 mL of su-
pernatant was added to the sample 
area of the test cartridge. The test 
cartridge was allowed to remain flat 

on the counter for 10 minutes, and 
the results were then determined. A 
single line (the control line) in the 
sample window indicated a negative 
result, and two lines (the control 
line and the sample line) indicated a 
positive result. All cartridges showing 
a positive result were photographed, 
and a representative negative sample 
was also photographed. Photographs 
were taken for record-keeping pur-
poses, as test cartridges are not stable 
for long-term storage of results.

All test kits were from the same 
lot, and positive- and negative- 
control experiments were performed 
on each new box. The positive con-
trol was fresh blood from a finger 
stick, and the negative control was 
sterile insulin (NovoLog).

Microscopic examination. The 
sediment from each insulin vial was 
resuspended in the supernatant and 
transported on ice to a second labo-
ratory for testing. The cell suspen-
sion was transferred to a Cyto-Tek 
specimen chamber (Cardinal Health, 
Dublin, OH). The sample was cen-
trifuged (Cyto-Tek, Miles Scientific, 
Melrose Park, IL) at 8000 rpm for 10 
minutes at room temperature. After 
centrifugation, the microscope slide 
was removed from the device and 
allowed to air dry. The slide was then 
stained on an automated slide stainer 
(Hema-tek 2000, Bayer Corpora-
tion, Tarrytown, NY) using Wright 
stain. The slides were examined mi-
croscopically (Axiostar plus, Zeiss, 
Thornwood, NY) for cells. The Cyto-
Tek technique of sample preparation 
concentrates all cellular material in 
a small square, so essentially all cel-
lular material from the insulin pen 
vial was viewed during microscopic 
examination of each slide. The entire 
square was scanned, first at 100× and 
then at 400×, to confirm cell pres-
ence. All slides were prepared and 
initially read by a trained biomedical 
scientist. The identity of all cells was 
confirmed by a pathologist. Photo-
graphs (AxioCam MRc, Zeiss) were 
taken of all detected cells.
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Results
Hemoglobin assay. Of the 125 

samples examined, 1 (0.8%) was 
positive for hemoglobin (sample 98). 
Two samples gave an inconclusive 
reading, consisting of a partial line 
in the test area and a full line in the 
control area. Of these inconclusive 
samples, 1 could not be retested 
because the sample volume was in-
sufficient. The second inconclusive 
sample was retested, and the result 
was negative. All control experiments 
yielded appropriate results.

Microscopic examination. One 
slide was made for each sample, and 
slides were deemed positive when at 
least one intact, nucleated cell of any 
kind or an RBC was present. Micro-
scopic examination revealed at least 
one cell in 6 (4.8%) of the 125 samples 
(Figure 1). A total of nine cells were 
observed in those 6 samples: four squa-
mous epithelial cells (three in sample 
45 and one in sample 95), four macro-
phages (two, one of which was binucle-
ate, in sample 85; one in sample 96; 
and one in sample 111), and one RBC 
(in sample 103). The sample that con-
tained the RBC was not the one that 
tested positive for hemoglobin with the 
immunoassay (sample 98), so a total of 
7 (5.6%) of 125 samples tested positive 
for the presence of biological contami-
nation. The 10 control samples were 
negative on microscopic examination.

Discussion
Introduced in the 1980s, insulin 

pens have become popular among 
patients and health care work-
ers.22-26 Studies have indicated that 
patients prefer insulin pens over 
the traditional syringe-and-needle 
administration method.22-24 Hospital 
personnel appreciate insulin pens 
because they are already labeled with 
the product name and strength. Pens 
are also convenient because they pro-
vide insulin in a ready-to-administer 
form and reduce preparation time 
and medication waste.25,26

Safety concerns have been brought 
to the forefront since the introduc-

tion of insulin pens. Even before the 
army hospital incidents described 
previously, FDA, ISMP, and various 
researchers were debating the advan-
tages and disadvantages of insulin 
pen devices.26-30 A French study indi-
cated that hospital workers sustained 
six times more needlestick injuries 
when using injection devices com-
pared with syringes.30 One of the ear-
ly issues with insulin pens was leak-
age of insulin at the administration 
site, leading to dosage concerns; this 
is still a problem that is addressed 
through education on proper us-
age guidelines for both patients and 
health care workers.25,30-32 Biological 
contamination issues were initially 
brought forward due to patient com-
plaints of bubbles in their insulin pen 
cartridges or small amounts of blood 
in the cartridge. These problems were 
potentially related to similar im-
proper technique that led to leakage 
and were possibly due to backflow 
pressure during the time the needle 
pathway was open to administer in-
sulin if the pen was withdrawn too 
soon or too quickly.26-28,33

Until 1998 there were no stud-
ies investigating possible biological 
contamination from backflow during 
medication administration. Le Floch 
et al.33 examined potential contami-
nation by testing 120 insulin pens 
of French patients during regular 
ambulatory visits. The investiga-
tors found squamous cells in 30% 
of needles and 58% of cartridges in 
Omnipen, Novolet, and Novopen 
3 devices. Air bubbles were found 
in 45% of cartridges. However, this 
study was unable to find blood cells 
and did not check for the presence of 
hemoglobin. The authors speculated 
that since cells were found more fre-
quently in cartridges than needles, 
this might suggest total aspiration of 
cells into the cartridge.

In 2001, Sonoki et al.34 described a 
Japanese study examining the effect 
of hydrostatic pressure on insulin 
pens and the movement of mate-
rial back into the pens. A dye-filled 

rubber tube was used to mimic the 
injection site, and insulin pens were 
used to administer medication to 
determine if dye flowed back into 
the pen cartridge. Dye was detected 
in 17 of 57 cartridges of three dif-
ferent brands of insulin pens. The 
same authors used an immunochro-
matographic assay with anti-human-
hemoglobin antibody to test 146 
insulin pens that had been used by 
patients. Hemoglobin was found in 
6 (4.1%) of the pens, and the volume 
of blood per contaminated pen was 
calculated to be >0.3 mL; the investi-
gators did not check for the presence 
of cells.

Newer models of insulin pens 
have been introduced since the 
publication of these studies, and no 
recent investigations have examined 
the current potential for biological 
contamination. Furthermore, no 
studies to date have been conducted 
in the United States to investigate this 
topic. Only one study has investigat-
ed hepatitis C transmission following 
insulin pen misuse, and the research-
ers found no evidence of pathogen 
transmission in these patients.35

Our study analyzed insulin pens 
following patient use to determine 
the frequency of cartridge contami-
nation and is the first to detect evi-
dence of contamination by searching 
for both intact cells and hemoglobin. 
We also identified the cell types pres-
ent. The presence of hemoglobin 
indicates contamination with blood 
and the potential for transmission of 
blood-borne microorganisms, most 
notably hepatitis B and C viruses and 
HIV. Contamination by squamous 
cells and macrophages indicates the 
potential for transmitting various 
pathogens, including viruses, intra-
cellular and extracellular bacteria, 
and fungi. The results of this study 
are particularly enlightening follow-
ing numerous reports of insulin pen 
misuse by health care professionals 
and the resultant FDA warnings 
about the potential hazards associ-
ated with using a single insulin pen 
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Figure 1. Cells detected during microscopic examination (400×) of contents of used insulin pens. Panels A–C: separate squamous cells 
from sample 45. Panel D: macrophage from sample 85. Panel E: binucleate macrophage from sample 85. Panel F: squamous cell from 
sample 95. Panel G: macrophage from sample 96. Panel H: macrophage from sample 111. Not shown is a red blood cell from sample 103.
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for multiple patients. Our study 
found intact cells in the pens and 
also detected free hemoglobin from 
damaged RBCs, with contamination 
present in 5.6% of samples.

The cell types detected in our 
study—squamous cells, macro-
phages, and RBCs—are of concern. 
Squamous cells are from the epider-
mis of the skin, and they indicate the 
possibility of contamination with 
pathogens that infect squamous cells, 
including herpes simplex, varicella 
zoster, human papilloma virus, and 
molluscum contagiosum.36 The 
“dirty hands” bacteria and fungi are 
also of concern, including Staphylo-
coccus aureus, methicillin-resistant  
S. aureus, Pseudomonas aeruginosa, 
enterohemorrhagic Escherichia coli, 
and dermatophytes.37 Macrophages 
are located below the epidermis 
and are capable of harboring and 
transmitting intracellular infections, 
including HIV and viral hepatitis.36 
The presence of an RBC and hemo-
globin indicates that blood compo-
nents can enter the pen cartridge and 
confirms the potential for transmis-
sion of blood-borne pathogens.

The insulin pens examined con-
tain the preservative metacresol, 
which studies indicate can kill gram-
positive bacteria and, to a lesser 
degree, gram-negative bacteria and 
fungi.9,10,38,39 However, metacresol 
cannot kill viruses and spores. The 
pens also contain the preservative 
phenol, which studies suggest is bac-
teriostatic only at the lower concen-
trations found in insulin pens but has 
some antimicrobial activity against 
mycobacteria, fungi, and viruses. 
However, the studies on preservatives 
are limited regarding the spectrum 
of activity against potential patho-
gens. To our knowledge, there are no 
published studies indicating that the 
preservatives kill intracellular patho-
gens. Specifically, phenol is inacti-
vated by organic material, suggesting 
that it would not be effective inside 
a cell. In addition, the studies that 
reported antimicrobial activity for 

metacresol and phenol used higher 
experimental levels than the amounts 
found in the NovoLog pen (Kothari 
M, Novo Nordisk, personal commu-
nication, 2013 May 16), leaving open 
the possibility that pathogens could 
remain viable in the insulin pen’s 
cartridge after contamination. Our 
study suggests that passing infection 
from one patient to another is pos-
sible if a single insulin pen is used for 
multiple patients.

To our knowledge, this is the first 
formal, prospective observational 
study examining the frequency of 
biological contamination of insulin 
pens after administration to patients. 
These findings should be interpreted 
with consideration of the study’s 
limitations. Of the 125 insulin pens 
examined, 5.6% tested positive for 
contamination, but this frequency 
may have been different if more pens 
were tested or if pens from different 
manufacturers were tested. There-
fore, a larger prospective study may 
be beneficial for statistical analysis 
of the overall frequency and differ-
ent types of contamination, includ-
ing variations among different pens 
currently available. In addition, the 
hemoglobin assay was appropriately 
sensitive to detect hemoglobin in 
one sample, but there may have been 
more positive tests if a more-sensitive 
test were used. Positive controls using 
a set amount of blood injected into 
unused pens may also have provided 
information regarding the degrada-
tion of cells in the pens. Finally, since 
only laboratory data were collected, 
it may be beneficial in the future to 
collect information about device 
usage, such as the number of doses 
administered, to further examine the 
mechanism of contamination. 

Based on findings of intact cells 
and hemoglobin in insulin pens 
after administration to a single pa-
tient, the potential exists for trans-
mission of infectious agents from 
patient to patient if a single pen car-
tridge is used to administer insulin 
to multiple patients, even if a new 

needle is used for each individual. 
Therefore, shared use of one pen 
among multiple patients should be 
prohibited to prevent the transmis-
sion of viral, bacterial, and fungal 
infections. Health care providers 
should ensure that proper staff and 
patient education is provided and 
that proper infection-control proce-
dures are in place to protect patients 
from harm related to shared insulin 
pens. 

Conclusion
Examination of 125 insulin pens 

used in hospitals revealed hemoglo-
bin in 1 pen and at least one cell in 
another 6 pens. The nine detected 
cells consisted of four squamous epi-
thelial cells, four macrophages, and 
one RBC.
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