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Summary: Few types of blood exposures have been assessed in relation to incident HIV infection in sub-Saharan Africa, despite
evidence that penile-vaginal sex cannot account for the epidemic in the region. To investigate correlates of incident HIV infection
in Calabar, Nigeria, we surveyed clients at voluntary HIV counselling and testing centres. Participating clients who tested multiple
times were generally similar to those testing only once in terms of demographic characteristics, sexual and blood exposures

and HIV prevalence. Blood exposures were common. Serial testers had a 10% annual incidence of HIV infection. Seroconverters
and seronegative serial testers were similar on most demographic characteristics and sexual exposures. However, seroconverters
were more likely than seronegatives to report blood exposures during the test interval, both for most specific exposures as well as
summary measures of blood exposures. In particular, seroconverters were substantially more likely to report one of a set of

blood exposures that cannot be explained as a consequence of unprotected vaginal sex or of health care for symptoms of HIV
infection (adjusted odds ratio = 6.6, 95% confidence interval = 1.2-38). The study design we used is an inexpensive approach

for describing the local epidemiology of HIV transmission and can also serve as the foundation for more definitive investigations

that employ contact tracing and sequencing of HIV DNA.
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INTRODUCTION

Penile-vaginal sex does not explain the extent and patterns of
the HIV epidemic in sub-Saharan Africa."? Blood exposures
may account for a much larger share of HIV transmission
than conventionally believed,” but researchers rarely assess
them in African studies, especially in relation to incident infec-
tion. Blood transfusions and therapeutic (curative) injections are
the two blood exposures that have been measured in several
HIV incidence studies in sub-Saharan Africa. With very few
exceptions, transfusions and injections have been associated
with incident HIV infection in these studies.>~® However,
with the available evidence, it is difficult to determine
whether the associations reflect HIV transmission through
these exposures or infected persons seeking treatment, particu-
larly injections, for HIV-related symptoms (‘reverse causation’).

Consequently, there is a serious need to assess the relation-
ship between a broad array of blood exposures (especially
those not received in response to HIV-related symptoms or
complications) and incident HIV infection in sub-Saharan
Africa. We report a study of the association between blood
and sexual exposures and incident HIV infection in Calabar,

Correspondence to: E J Peters or D D Brewer
Email: etetepeters@yahoo.com (Dr Peters) or
interscientific@yahoo.com (Dr Brewer)

a southeastern Nigerian city with moderate HIV prevalence
(6.3% in 2005).”

METHODS
Participants

We examined correlates of incident HIV infection in Calabar,
Nigeria, between August 2007 and February 2008. On days
during this period when interviewers were available, we
invited all clients at the HIV voluntary counselling and
testing (VCT) centres at the University of Calabar Teaching
Hospital (UCTH)/University Medical Centre to participate in
a study about factors related to HIV infection. We estimate
that approximately 75% of clients invited to participate
decided to participate in the study. Participating clients gave
informed consent to participate, and participation or non-
participation did not affect any services or care clients received.
Most of our analyses focus on the participants who had
previously tested HIV negative at the VCT centres.

Procedures

Participants were interviewed face-to-face in private rooms
prior to HIV pre-test counselling. Interviewers were medical
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students and clinical support staff trained by UCTH faculty and
were assisted by interpreters when necessary. Interview ques-
tions focused on demographics, reasons for testing, sexual
behaviours and potential exposures to blood. Participants
reporting a particular blood or sexual exposure were asked
when the most recent exposure of that type occurred; for
some blood exposures, they were also asked whether the
sharp involved had been used previously by another person.
Blood exposures that typically occur only during childhood in
Nigeria (e.g. circumcision and scarification) were not assessed.
No identifying information was collected from participants,
and interview responses were kept strictly confidential and
not shared with clinical providers or staff.

As part of their routine VCT visit, participants provided
blood specimens drawn by venipuncture. HIV status was deter-
mined with two rapid tests of each specimen performed by the
UCTH haematology department. A third test was performed to
resolve serostatus if the first two tests showed discordant
results. We used anonymous codes to link participants” inter-
view responses to their HIV test results from their prior and
current visits. Participants were offered compensation for trans-
portation (up to approximately US$5) and refreshments,
but most participants declined these incentives. All study
procedures were approved by the UCTH ethical committee
before the study began.

Statistical analysis

We assessed the representativeness of participants who had
tested multiple times at the VCT centres (serial testers) relative
to those who were testing for the first time at the VCT centres
(single testers) in terms of their characteristics and lifetime
exposures. For these comparisons, we used chi-square tests of
independence and multiple logistic regression (when adjusting
for age). We estimated HIV incidence in serial testers by divid-
ing the number of seroconverters by the sum of serial testers’
person-years of observation (sum of intervals between most
recent HIV-negative test and the current test visit). To assess
correlates of incident HIV infection, we computed odds ratios,
Goodman and Kruskal’s tau® (proportional reduction in error
measure of association for nominal scale variables), gamma cor-
relations (for ordinal scale variables), point biserial correlation
coefficients (for ratio scale variables), and multiple logistic
regressions and the associated 95% confidence intervals (or
inferential tests) between serial testers” characteristics and inci-
dent exposures and their serostatuses (seroconversion/HIV
positive versus HIV negative). We maintained at least a 15:1
case:variable ratio for all logistic regression analyses. We also
summarized the perceived reuse of sharps for some blood
exposures with simple percentages. All analyses were per-
formed with SPSS 7.5 (SPSS Inc., Chicago, IL, USA).

The incident exposure variables refer to reported exposures
that occurred between a serial tester’s two HIV tests. When
dates of exposures were reported crudely (e.g. year only),
these were converted to the midpoint of that period.
We coded participants who reported that their last exposure
occurred within three weeks before testing as unexposed
(because of the HIV tests’” window periods). Two exposures
(enema and shaving with a razor used previously by
someone else) appeared to occur regularly, given the recency
of many reported events. Consequently, we created alternate
codings of these exposures such that participants with very
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recent (<3 weeks) enema or shaving exposures were recoded
as exposed. We excluded phlebotomy as an incident exposure,
because we were often unable to distinguish serial testers” most
recent reported phlebotomy events from their prior HIV tests.

RESULTS
Participant characteristics

Three hundred and twenty-one clients participated, and 45 of
these were serial testers. Single and serial testers were similar
in terms of many demographic characteristics, sexual and
blood exposures and HIV prevalence (Table 1). Overall, the
sample was highly educated. Serial testers tended to have
more education and were somewhat more likely to be female
than single testers. Serial testers were also more likely than
single testers to report a desire to know their serostatuses for
personal reasons and less likely to report illnesses, symptoms
or doctor’s request as reasons for testing. However, single
and serial testers were similar in age (single testers: mean =
32 years, median = 29, standard deviation [SD] =12, range =
11-83; serial testers: mean =30, median=29, SD = 8.0,
range = 20-65). Many types of blood exposures were common.

In both single and serial testers, more female subjects had
had induced abortions than had given birth. Among female
subjects who had given birth, serial testers were more likely
to report having had a caesarean section than single testers.
Serial testers reported significantly (P < 0.05) more lifetime
vaginal sex partners (female mean/median=2.9/2, male
mean/median = 8.3/4) than did single testers (female mean/
median =2.3/2, male mean/median=4.2/3), but these
differences were statistically non-significant (P > 0.05) after
adjusting for age.

Serial testers were less likely to report receiving a therapeutic
injection or an incision for administering medicines/herbal
remedies than single testers. Serial testers were more likely to
report prior phlebotomy than single testers (96% versus 67%),
as might be expected, because they at least had prior blood
draws for their previous HIV tests. No participants reported
illicit injection drug use.

HIV seroincidence

The 45 serial testers had a median of 629 days between tests
(mean =793, inter quartile range =258-1038, range=
89-2900), for a total of 97.8 person-years of observation. The
10 incident infections represent a 10% annual incidence rate
among serial testers. The annual incidence rate declined with
increasing test intervals: 17% for intervals <1 year, 14% for
intervals 1-2 years long and 8% for intervals >2 years.

Correlates of incident HIV infection

Among the serial testers, seroconverters and seronegatives did
not differ significantly or meaningfully in terms of most
demographic factors or reason for testing (Table 2). However,
seroconverters had non-significantly longer test intervals
(mean = 972 days, median = 921) than seronegatives (mean =
742, median =485, P> 0.05 on Mann-Whitney and t-tests).
Similarly, seroconverters (mean = 37years, median = 34)
tended to be older than seronegatives (mean/median = 28;
point biserial r = 0.47, P < 0.01).
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Table 1 Comparison between single and serial testers at
VCT clinics in Calabar, Nigeria, 2007-2008

Single testers Serial testers

Variable n (%) n (%)
Sex - female’ 165 (60) 34 (76)
Education?
Primary 74 (26) 4 (9)
Secondary 88 (32) 9 (20)
Some undergraduate 65 (24) 12 (27)
Undergraduate degree 49 (18) 20 (44)
Ethnicity
Efik 56 (20) 9 (20)
Ibibio 81 (29) 15 (33)
Ibo 39 (14) 12 (27)
Other 100 (36) 9 (20)
Marital status
Married 110 (40) 16 (36)
Never married 155 (56) 26 (58)
Widowed/divorced 10 (4) 3(7)
Religion — Christian 272 (99) 45 (100)
Incarcerated in jail /prison* 6 (2) 3(7)
Reason for testing?
Doctor’s request 89 (32) 7 (16)
Personal 61 (22) 27 (60)
Symptoms 105 (38) 5 (11)
Other 21 (8) 6 (13)
HIV status — positive 63 (23) 10 (22)
Anal sex* 1(0.4) 0 (0)
Genital ulcer disease™ 22 (8) 4 (9)
Enema* 92 (34) 16 (36)
Shave* ¥ 66 (24) 12 27)
Incision*:31 23 (9) 0 (0)
Dental surgery™ 19 (7) 5 (11)
Medical surgery™ 33 (12) 9 (20)
Finger prick phlebotomy™* 104 (38) 18 (40)
Vaccination injection™** 18 (7) 5 (11)
Transfusion™ 16 (6) 5(11)
Infusion™ 72 (26) 11 (25)
Therapeutic injection* 172 (63) 20 (44)
Injection with syringe/medicine 5(2) 1@
kept at home*
Other sharp exposure*'T-r 8 (3) 4 (9)
WOMEN ONLY
Ear piercing™ 47 (29) 15 (46)
Tetanus vaccination® 45 (35) 11 (46)
Injectable contraception™® 11 (7) 0 (0)
Pregnant* 119 (73) 25 (76)
Induced abortion* 80 (49) 18 (53)
Childbirth* 57 (35) 14 (42)
Cesarean section® 1(1) 3(9)
Episiotomy/Gishiri cut™ 8 (5) 3 (9

VCT = voluntary counselling and testing
Note: There were 276 single testers and 45 serial testers. Some percentages do
not sum to 100 due to rounding error. The amount of missing data differed across
variables
P < 0.05; 2P < 0.001
*In the prior 15 years (since 1993)
Tlncludes ‘want to know status’
IShaved with a razor previously used by another person
§For administering a medicine or remedy
**Excluding tetanus toxoid vaccination during pregnancy
Used another type of sharp (beyond those described elsewhere in this article)
previously used by another person

Vaginal sex during the test intervals was almost universally
reported by both seroconverters and seronegatives (Table 3);
no serial testers reported anal sex during the test intervals.
After adjusting for age, there were no differences between
seroconverters and seronegatives in their reported lifetime
number of sex partners (Table 3). Seroconverters and seronega-
tives were also equally likely to have had symptoms of genital

Table 2 Demographic comparison of HIV seroconverters
and seronegative serial testers, Calabar, Nigeria,
2007-2008

OR (95% CI)/

Variable Seronegatives Seroconverters tau® (P)
Sex - female 28 (80) 6 (60) 0.4 (0.1-1.7)
Education

Primary 3(9) 1(10) —0.24 (0.27)
Secondary 4 (11) 5 (50)

Some undergraduate 12 (34) 0 (0)

Undergraduate degree 16 (46) 4 (40)

Ethnicity

Efik 6 (17) 3 (30) 0.05 (0.54)
Ibibio 13 (37) 2 (20)

Ibo 10 (29) 2 (20)

Other 6 (17) 3 (30)

Marital status

Married 12 (34) 4 (40) 0.01 (0.81)
Never married 21 (60) 50

Widowed/divorced 2 (6) 1(10)

Reason for testing

Doctor’s request 7 (20) 0 (0) 0.13 (0.13)
Personal 22 (63) 5 (50)

Symptoms 3(9) 2 (20)

Other 39 3 (30)

OR = odds ratio; Cl = confidence interval

Note: The columns for seroconverters (n = 10) and seronegatives (n = 35) show

frequencies with percentages in parentheses. Some percentages do not sum to

100 due to rounding error

*Goodman and Kruskal’s tau and probability value from Fisher’s exact test
Includes ‘want to know status’

ulcer disease (GUD) during the test intervals (Table 4).
However, the seroconverter who had GUD also had injection
treatment for the symptoms, while only one of the three serone-
gatives with GUD had such treatment.

Because of the differences in test intervals between serocon-
verters and seronegatives, we adjusted for test interval in all
analyses of the association between incident blood exposures
and HIV infection (clients with longer test intervals would be
expected to be more likely to have any kind of exposure).
In each of these analyses, seroconversion was the outcome
variable, the particular exposure measure was the predictor vari-
able, and test interval was the covariate. During the test intervals,
seroconverters were more likely than seronegative participants
to have shaved with a razor used previously by another
person and to have had medical surgery, blood transfusions,
enemas, vaccinations (apart from tetanus toxoid vaccination
during pregnancy) and infusions (Table 4). Seronegatives were
slightly more likely to have had finger prick phlebotomy and
therapeutic injections than seroconverters during the test inter-
vals. None of the serial testers reported dental surgery, incisions
for administering medicines/herbal remedies or incarceration
during their test intervals. Seroconverters were also more likely
than seronegatives to have blood exposures involving sharps
not specified in the other exposures assessed.

Among female serial testers, seroconverters were much more
likely than seronegatives to have had tetanus vaccinations
(recoded), given birth, and had a caesarean section during
their test intervals. Seroconverters and seronegatives had
similar likelihoods of induced abortion during their test inter-
vals, and very few serial testers had ear piercings or episio-
tomies during their test intervals. No female serial testers
reported the use of injectable contraception during the test
intervals.
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Table 3 Comparison of HIV seroconverters and seronegative serial testers on sexual exposures, Calabar, Nigeria, 2007-2008

Exposure Seronegatives Seroconverters AOR (95% CI)* P
Vaginal sex during test interval 32/35 (91%) 10/10 (100%) — 0.83
Females, n 28 6

Lifetime number of vaginal sex partners, mean (SD)/median 3.00 (1.96)/2.5 2.33 (1.37)/2 0.77 (0.43-1.41) 0.40
Males n 7 4

Lifetime number of vaginal sex partners, mean (SD)/median 3.14 (1.46)/4 17.3 (19.0)/9.5 _t -

AOR = adjusted odds ratio; Cl = confidence interval; SD = standard deviation
*Adjusted for age

TModeI estimation process did not converge. The almost non-overlapping distributions of lifetime numbers of female vaginal sex partners for male seroconverters (range =
5-45) and seronegatives (range = 1-5) is paralleled by the almost non-overlapping distributions of age for seroconverters (range = 33-65) and seronegatives (range = 21-42;
only one participant overlaps). Thus, lifetime number of vaginal sex partners is strongly confounded with age in male serial testers

For all summary measures of blood exposure - whether a
participant had any blood exposures, the diversity (number
of types) of blood exposures and alternate codings of such -
seroconverters were substantially more likely to have been
exposed than seronegatives. The most conservative summary
measure of blood exposure refers to any of three blood
exposures (vaccination [excluding tetanus vaccination during
pregnancy], shaving with a razor used previously by

another and medical surgery) that cannot be explained as a
possible consequence of unprotected vaginal sex or diagnosis
of/treatment for symptoms of HIV infection. (The only
medical surgery reported by a serial tester was unrelated to
pregnancy, childbirth, or potential HIV symptoms or compli-
cations.) On this measure of blood exposure, seroconverters
were significantly more likely to be exposed than
seronegatives.

Table 4 Comparison of HIV seroconverters and seronegative serial testers on blood exposures, Calabar, Nigeria, 2007-2008

Exposure Seronegatives Seroconverters AOR (95% CI)* P
All serial testers ni=35 n=10

Enema 6 (17) 4 (40) 2.80 (0.46-16.9) 0.26
Enema recoded 8 (23) 4 (40) 1.80 (0.34-9.52) 0.49
Shaving with razor used previously by another 2 (6) 2 (20) 4.25 (0.50-35.9) 0.18
Shaving with reused razor recoded 6 (17) 4 (40) 3.40 (0.71-16.3) 0.13
Medical surgery 0 (0) 1(10) - 0.82
Blood transfusion 1 2 (20) 7.41 (0.42-130) 0.17
Vaccination 13 2 (20) 6.92 (0.48-99.0) 0.15
Finger prick 9 (26) 2 (20) 0.50 (0.07-3.41) 0.48
Therapeutic injection 6 (17) 2 (20) 0.78 (0.10-5.85) 0.81
Infusion 3(9) 2 (20) 1.75 (0.14-21.5) 0.66
GUD symptoms 3(9) 1(10) 1.03 (0.09-11.5) 0.98
GUD injection treatment 1) 1(10) 2.94 (0.16-54.8) 0.47
Other sharp 13 1(10) 4.54 (0.25-83.3) 0.31
Females only n=28 n==6

Tetanus vaccination 4 (14) 1(17) 1.18 (0.09-16.1) 0.90
Vaccination recode 5 (18) 3 (50) 10.2 (0.81-128) 0.07
Ear piercing 1 (4) 0 (0) - 0.87
Induced abortion 5(18) 1(17) 0.86 (0.07-11.2) 0.91
Childbirth 5(18) 3 (50) 16.9 (0.86-332) 0.06
Episiotomy/Gishiri cut 2 (7) 0 (0) - 0.66
Caesarean section 1 (4) 2 (33) 42.5 (0.83-2180) 0.06
Females who gave birth n=>5 n=3

Episiotomy/Gishiri cut 2 (40) 0 (0) - -
Caesarean section 1 (20) 2 (67) - -
Summary measures n=35 n=10

Any blood exposure 18 (51) 8 (80) 3.38 (0.56-20.4) 0.19
Any blood exposure recoded S 19 (54) 8 (80) 2.94 (0.49-17.8) 0.24
Any of vaccination/shaving with reused razor/medical surgery™* 3(9) 4 (40) 6.58 (1.15-37.8) 0.03
Any of vaccination/shaving with reused razor/medical surgery recodedT'** 7 (20) 5 (50) 3.85 (0.86-17.3) 0.08
Diversity of blood exposures™ T MeanéSD)/median 1.22 (1.75)/1 2.30 (1.89)/2.5 1.45 (0.81-2.57) 0.21
Diversity of blood exposures recodedT' At Mean (SD)/median 1.43 (1.84)/1 2.70 (2.06)/3.5 1.54 (0.89-2.67) 0.13

AOR = adjusted odds ratio; Cl = confidence interval; SD = standard deviation; GUD = genital ulcer disease
Note: The second and third columns show frequencies with percentages in parentheses, unless otherwise noted

*Odds ratio adjusted for test interval

Coding clients as ‘exposed’ even if last reported exposure was within the window period of the test (<3 weeks) and the exposure was likely to reflect somewhat regular/typical
behaviour (shaving with a razor used previously by someone else and receiving an enema). Tetanus vaccination coded as ‘exposed’ for those women with very recent exposures
<3 weeks prior) and who reported more than one such vaccination in her lifetime and had given birth during the test interval

Excludes dental surgery, Caesarean section and episiotomy/Gishiri cut

Covers all blood exposures listed in Table 4 except for childbirth and GUD symptoms

**Whether exposed to vaccination, shaving with a razor used previously by someone else, or medical surgery during the test interval
The number of different types of blood exposures reported during the test interval. AOR indicates change in odds with each additional kind of exposure
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Perceived sharps reuse

We restricted our analysis of perceived sharps reuse to recent
exposures (those reported as occurring in 2007 or 2008). The
percentages of all participants who reported that a syringe or
needle had been reused or did not know whether reuse
occurred for their most recent exposure in this period were
14% (10/73) for phlebotomy, 50% (4/8) for tetanus vaccination
and 11% (5/46) for therapeutic injection. The question for phle-
botomy asked whether the participant saw the health-care pro-
vider take the syringe and needle from a sealed sterile package;
responses other than ‘yes’ were coded as ‘possible reuse’.
(Fewer than 3 participants reported injectable contraception or
incisions for administering medicines/herbal remedies in the
2007 -2008 period, thus their reports are not summarized here.)

DISCUSSION

To investigate correlates of incident HIV infection in Calabar,
Nigeria, we surveyed clients at voluntary HIV VCT centres.
Participating clients who tested multiple times were generally
similar to those testing only once in terms of demographic
characteristics, sexual and blood exposures, and HIV preva-
lence. Blood exposures were fairly common. Serial testers had
a 10% annual incidence of HIV infection. Seroconverters and
seronegative serial testers were similar on most demographic
characteristics and sexual exposures. However, seroconverters
were more likely than seronegatives to report blood exposures
during the test interval, both for most specific exposures and
summary measures of blood exposures. In particular, serocon-
verters were substantially and significantly more likely to
report one of a set of blood exposures that cannot be explained
as a result of unprotected vaginal sex or health care for symp-
toms of HIV infection. Furthermore, noteworthy proportions
of participants reported that sharps for specific blood exposures
had been used previously by another person or reported they
did not know whether the sharps had been used previously.

Because so many types of blood exposures were associated
with incident HIV infection in our small sample, it is impossible
to determine the independent associations for particular blood
exposures. Nonetheless, even blood exposures that cannot be
explained as possible responses to HIV-related symptoms
were associated with incident HIV infection. Associations
between blood exposures and HIV infection in several other
studies in sub-Saharan Africa also cannot be accounted for by
such ‘reverse causation.”””"> The findings from these studies
and the present one provide the most direct evidence
suggesting significant iatrogenic HIV transmission in
sub-Saharan Africa. Our results are also consistent with obser-
vations of unhygienic health care and cosmetic care in Nigeria,
including unscreened or insufficiently screened blood for trans-
fusions,' "' reused unsterilized razors,"”® reused syringes,'’
reused gloves' and unsterilized dental equipment.”’
Moreover, Nigerians” vulnerability to bloodborne HIV trans-
mission may be increased by many patients’, cosmetic care pro-
viders” and informal health-care providers” lack of knowledge
about blood exposures as HIV risks.'”?!~28

Our study has several limitations because of resource
constraints and our attempts to minimize response burden.
We did not assess the frequency or magnitude of any blood
or sexual exposures during serial testers’ test intervals. We
also did not measure participants’ condom use, although the
relatively high rate of induced abortion and childbirth for

female serial testers and participants’ low number of lifetime
partners suggest that condom use was low. Anal sex may
have been underreported, given the taboo nature of the practice
in the region.””*" Indeed, 14-15% of adolescents and young
adults elsewhere in southern Nigeria reported ever having
had anal sex,”>! compared with <1% of the generally older
participants in our study. In addition, although serial testers
were similar to single testers, it is unknown how representative
they are of residents of Calabar and environs. Furthermore, we
did not assess several types of blood exposures, such as skin
contact with blood (e.g. in fights, in sporting events, from
bloody noses or from assisting with childbirth), wound care,
jigger removal, reused and unsterilized clippers for haircutting,
and other potential routes of transmission.

To identify HIV transmission modes with confidence, three
study design elements are required: (1) comprehensive assess-
ment of blood and sexual exposures in uninfected persons
and persons with incident infection; (2) tracing, testing and
assessment of infected and uninfected persons’ contacts to
those exposures; and (3) sequencing of infected persons” HIV
DNA to detect genetically related infections.”>”** Our study
incorporates only the first element, yet represents a marked
improvement over prior research on the epidemiology of HIV
transmission in sub-Saharan Africa. If sufficient resources are
not available to implement all three elements of the full study
design, researchers can still advance understanding of local
HIV epidemiology relatively quickly and inexpensively by
employing the simplified study design we used. Both the sim-
plified and full study designs are well-suited for use in clinical
and blood donation settings where routine HIV testing occurs.
While research efforts are reoriented towards a more compre-
hensive HIV epidemiology, the African public must be edu-
cated about the HIV risks from blood exposures and anal sex
and how these risks can be avoided or reduced.”**~%
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