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\'section*{Abstract}

\ vspace{5m}

\ noi ndent {\bf Background:} Comunity-acquired pneunoni a

is a conmmon cause of hospitalization among African adults,

and \enph{Streptococcus pneunoni ae} is assuned to be a

frequent cause. Pneunobcoccal conjugate vaccine is currently

bei ng i ntroduced into chil dhood i mmuni zati on progranms in Africa.
The case for adult vaccination is dependent on the contribution
of the pneunobcoccus to the hospital pneunonia burden

\ vspace{3mi}

\ noi ndent {\bf Methods:} Pneunococcal diagnosis is conplex

because there is no gold standard, and culture nethods are

i nval i dated by antibiotic use. W used latent class analysis to
estimate the proportion of pneunoni a epi sodes caused by
pneunococcus. Furthernore, we extended this nethodol ogy to
evaluate the effect of antimcrobial treatnent on test accuracies
and the preval ence of the disease. The study conbi ned data from
five validation studi es of pneunococcal diagnostic tests perforned
on 281 Kenyan adults w th pneunoni a.

\ vspace{3mi}

\ noi ndent {\bf Results:} The proportion of pneunonia epi sodes
attributable to pneunococcus was 0.46 (95\% confidence interva

= 0.36-0.57). Failure to account for the effect of antim crobial
exposure underestimates this proportion as 0.32. A history of
antibiotic exposure was a poor predictor of anti-mcrobial activity
in patients' urine. Blood culture sensitivity for pneunbcoccus was
estimated at 0.24 anong patients with antibiotic exposure,

and 0.75 anmong those w thout.

\ vspace{3mi}

\ noi ndent {\bf Conclusions:} The large contribution of pneunbcoccus
to adult pneunonia provides a strong case for the investigation of
pneunococcal vaccines in African adults.

\ pagebr eak

Pneunoni a ranks anong the top three diagnoses in

hospi tal adm ssions in sub-Saharan Africa. \cite{WIIians}

In contrast to the USA, \cite{USpneu} where nost

hospitalizations for pneunonia are anong children and the elderly, the typica
African patient is a young, econom cally-productive adult.

\cite{ Macfarl ane, Sow, Scottl1l} These two observations

suggest that a noderately-priced public-health-intervention strategy

agai nst pneunonia is likely to be justifiable in Africa.

For children in the devel oping world there is considerable

i nternational nmomentumto prevent pneunoni a using conjugate vacci nes

agai nst \ enph{Haenophil us i nfluenzae} type b and \enph{Streptococcus
pneunoni ae} subsidized by the dobal Alliance for Vaccines and | muni zati on
\cite{Mul holland, Cutts} This raises the prospect

that adult vaccination may al so becone feasible in Africa. However,

the effectiveness of conjugate pneunpbcoccal vaccine in adults

agai nst clinically-defined pneunonia will depend critically on the
proportion of hospitalized pneunonia cases that are caused by

\ mbox{\ enph{S. pneunoni ae}}. \cite{Fedson}

\ vspace{3mi}

\ mbox{\ enph{S. pneunoni ae}} is invariably found nore frequently than



any other pathogen in etiological series of pneunonia in Africa.

\cite{ Macfarlane, Scottl, Koullal} However, the

clinical evidence is scarce and, as in the USA and United

Ki ngdom \cite{Marrie, Brit} the causal agent remai ns undi agnosed

for a substantial proportion of pneunonia cases.

Di agnosi s is hanpered by the

| ack of a gold standard. Although blood and |ung-aspirate cultures are
general ly regarded as highly specific, \cite{Scott6, Butler} they
typically lack sensitivity, and antim crobial treatnment makes the

eval uation of culture-based di agnostic tests yet nore

conplicated. Nonethel ess, the comon clinical treatnents in the devel opi ng
world, (penicillin or anpicillin) reflects the clinica

i npressi on and wi despread belief that many of the pneunoni a epi sodes

wi t hout known cause are pneunococcal . \cite{Sow, Al | en, Koul | a2, Yoshi m ne}

\ vspace{3mi}

The objectives of this study were to define the proportion of episodes

of communi ty-acquired pneunonia that are caused by

\ mbox{\ enph{S. pneunoni ae}}, and describe the influence of

antimcrobial treatment on the accuracies of diagnostic tests. The

study conbi ned data fromfive validation studies of

di agnosti c techni ques for pneunbcoccal pneunonia. \cite{Scottl, Scott?2,
Scott3, Scott4, Scott5} Because there is no gold standard for

pneunococcal diagnosis, we applied latent class analysis, a

statistical method for estimating the unobserved | atent di sease status

on the basis of several inperfect test results.

\'secti on*{ Met hods}

\ subsecti on*{Pneunoni a pati ent s}

Cases consisted of 281 adults with acute

conmuni ty-acqui red pneunoni a consecutively admtted to Coast Provincial
Gener al

Hospital (Monbasa) and Kilifi District Hospital (Kilifi, Kenya) between
March 1994 and May 1996.\cite{Scott1l} Each case nmet all of the
following criteria: an acute illness of up to 14 days duration

at least 2 of the synptons cough, sputum production, breathlessness, pleuritic
chest pain, henoptysis or fever; evidence of consolidation on
posterio-anterior or |ateral chest radi ographs judged by the study
physician and later confirmed by a consultant radiol ogist \cite{Scott1};
no admi ssion to hospital in the previous 14 days;

and inforned consent to participate to the study. Sanples

i ncl uded bl ood, sputum and nasopharyngeal swabs for culture,

| ung-aspirate material fromthose in whoman aspirate could be
performed safely, urine, and acute sera. Conval escent sera were
obtained in survivors who attended a foll owup appointnent. Mrtality
was 10\ % The study was approved by the ethical review comittees of

t he Kenya Medi cal Research Institute and of the London School of Hygi ene
and Tropi cal Medici ne.

\ subsecti on*{M crobi ol ogi ¢ net hods}

Two aliquots of 10 m of blood were drawn by separate venepunctures
at presentation. Blood and |ung-aspirates were cultured in 40 m of
brai n-heart infusion broth at $3720%$C i n 5\ % CO6_2$ and sub-cul tured
to 5\% horse bl ood agar and chocol at e agar

\ mbox{\ enph{S. pneunoni ae}} was identified by col onial norphol ogy,
sensitivity to optochin, and capsul ar serotyping by Quellung
reaction. Serotyping anbiguities were resolved by the Public Health
Laboratory in Oxford, UK \cite{Scott0} Honpbgeni zed sputum sanpl es
were cultured on blood agar with 5 ncg/ nL gentam cin, chocol ate agar
with 10,000/ M bacitracin, and MacConkey agar. Cotton-ti pped,
flexible, twi sted-wire swab speci mens were obtained fromthe posterior
nasopharynges of subjects and inocul ated onto horse bl ood agar with 5
ncg of gentam cin/ L. $\al pha$-Henol ytic col oni es were exani ned for
optochin sensitivity and serotyped by the Quellung reaction

\ subsecti on*{Serol ogi c and nol ecul ar net hods}

Ful | nethodol ogic details are contained in the cited

references. In the urine antigen test, \cite{Scott2}

agglutination of latex particles sensitized with serogroup-specific
rabbit antisera indicates the presence of capsul ar pol ysaccharide in
urine. \cite{Capeding} The capsul ar antigen detecti on assay was conduct ed
10 times on each blinded urine sanple to cover serogroups

1, 4, 5, 6, 7, 9, 12, 14, 19 and 22.

An enzyme i nmunoassay was used to identify anti-pneunococca

i mmune conpl exes. \cite{Scott3} After precipitation of imune

conpl exes from sera using pol yet hyl ene glycol in sodiumborate, an
enzyne i mmunoassay was perfornmed for anti bodies to pneunol ysin,

C pol ysacchari de and 23-val ent pol ysacchari de vacci ne (Pneunovax,
Merck). In an ELISA for Anti-PsaA,

\cite{Scott4} antibodies binding to mcrotiter plates coated with



pneunococcal surface adhesin A (PsaA) were identified with an
enzyne- conj ugat ed nmouse nonocl onal anti human i nmunogl obulin G A ratio
rise in antibody concentration between acute and conval escent sera of
$\ge 2%-fold was considered positive \cite{Tharpe} (anti-PsaA rise).
Pol ymerase chain reaction (PCR) for PsaA \cite{Scott5} was perforned
as follows. A single pair of

primers, 8229.p and 56496.n (which define an 838-bp fragnent of the
PsaA gene of \nmbox{\enmph{S. pneunoni ae}}), were used in a standard PCR
on mcrobial DNA extracted fromlung aspirate specinens.
\cite{Morrison} In addition, to deternmine the HV status of the patients,
standard nethods for H V antibody positivity were used. \cite{Scott 1}

\ subsecti on*{Bi oassay for antimcrobial activity in urine}

Urine sanples were coll ected before adm nistration of therapeutic
antibiotics (n=248) and the presence of antibiotics was inferred by
the urine's capacity to inhibit the growmh of a fully-sensitive

\ emph{ St aphyl ococcus aureus} (NCTC 6571). Each patient was al so

guesti oned about the use of antibiotics during the previous 2 days and
during the precedi ng week.

\section*{Latent O ass Anal ysis }

Latent class analysis has been extensively applied in assessing

accuraci es of diagnostic

tests when the gold standard is not avail able. \cite{Fornmann: nedic,

Butler, Albert, Al bert2, Hagenaars} In latent class analysis it is assumed
that the observed

associ ati on between the tests is fully explained by the unobserved
(latent) class variable, i.e. the true pneunococcal disease status
(no/yes). \vspace{3m}

More formally, consider $k$

tests ($k \geqg 3%) where each test $X i$, $i=1, \ldots, k$ can have

two values: 1 if the test is positive for pneunococcus, and 0 if the test is
negative. There are altoget her $2"k$ possi bl e conbi nations of

the test results. By utilizing the rule of total probability, these

$2"k$ probabilities pr$(X 1=x_1, X 2=x_2, \ldots, X k=x_k)$,

$x_i=0,1%, can be expressed in terns of the latent class $D$ as

fol | ows:

\ begi n{ eqnarray*}

& \mbox{pr}(D=1)\tines \nbox{pr}(X 1=x_k|D=1)\tinmes \cdots \tines
\nbox{pr}(x_ =x_1|D=1)\, & + \\

& \mbox{pr}(D=0)\tines \nmbox{pr}(X 1=x_k|D=0)\tinmes \cdots \tines
\nbox{pr}(X k=x_1| D=0), & \ nonumnber

\ end{ egnarray*}

where pr$(D=1)$ denotes the proportion of \enph{S. pneunoni ae}

anong pneunoni a patients, pr$(X_.i=1|D=1)$ denote the sensitivities

of individual tests, and $\nbox{pr}(X_ i=0|D=0)$ denote their specificities.
By assumi ng a multinom al

distribution for the conbination probabilities, the paraneters can be
estimated by optim zing the criterion of maxi numlikelihood.

\ vspace{3mi}

The appeal of latent class analysis is that it provides estimates for the
unobserved quantities of

interest, nanely the preval ence of the di sease and the specificities

and the sensitivities of the tests. However, the assunptions

under | yi ng the nethodol ogy need to be carefully scrutinized.

\ subsecti on*{The conditional independence assunption}

\'| abel { cond}

The standard | atent class anal ysis nodel nmakes an essential assunption that
t he

tests are i ndependent of each other

conditional on the pneunpbcoccal disease status. When applied to the
anal ysis of diagnostic-test accuracies, this assunption has been
justifiably questioned. \cite{Al onzo}

For exanple, if the obtai ned sanple has been contam nated with
pneunococcus and two di agnostic tests (e.g. culture and PCR) are
performed on the same sanple, it is nore likely that both tests would
indicate a false-positive result than if the tests

were conditionally independent.

\ vspace{3mi}

Condi ti onal dependence can be accounted for in |latent class analysis. For
exanpl e,

simlarities between two di agnostic tests can be addressed by

the direct-effects approach. \cite{Hagenaars}

Alternatively, an additiona

continuous or categorical |latent variable can be inposed on the
conditional probabilities. \cite{Al bert} However, care is needed



in formulating these latent structures, because m sspecification of the
dependence structure may result in even greater bias. \cite{Al bert2} A
practical alternative approach is to conpare the fits of a node
assum ng condi ti onal independence and dependence between

all possible pairs of tests using the likelihood ratio test, and

then select a set of diagnostic tests for which the conditiona

i ndependence assunption holds. Although this nmeans that the accuracies
of certain tests are left unanalyzed, this is a particularly usefu
approach if the paraneter of primary interest is the preval ence of
pneunococcal di sease.

\ subsecti on*{Treat nent of m ssing data}

A ubiquitous problemin the analysis of multiple diagnostic tests is
that some observations are missing fromthe study subjects.

The sinplest anal ytic approach is to exclude all subjects without

conpl etely observed test results. However, this reduces the power of
the anal ysis and may introduce selection bias, i.e. subjects for whom al
the test results are avail able may not be a representative sanple of the
popul ati on.

\ vspace{3mi}

VWhen fitting nodels to all avail able data, two ignorable m ssing-data
mechani snms can be di stingui shed that have

different inplications on inference regardi ng the nodel paraneters
\cite{Rubin}: mssing conpletely at random (MCAR), and

m ssing at random ( MAR).

If the data are MCAR, it is assuned that those with m ssing sanpl es
originate fromthe sanme popul ation as those with conplete
observations. This assunption nmay be too strict for the dataset in question
For exanple, sone sanples may be difficult to obtain fromseverely-il
pati ents. Consequently,

there may be differences in this subpopulation with regards to
pneunococcal di sease burden. Under the assunption of MAR, the
probability that a mssing test is positive can differ for those

with partly-observed test conbinations as long as this probability is
equal to the probability for those with conplete data

condi tional on the other observed test results.

\ vspace{3mi}

In our latent class analysis, we fitted nodels to the dataset of al

patients, and

assuned that the unobserved test results were nmissing at random ( MAR).
\cite{Rubin} Although there is no explicit way to test the assunption of MAR
it is generally considered a tenable assunption in nmultivariate

analysis with mssing data. \cite{Schafer} Furthernore, if the data are
erroneously assunmed to be MAR this often has only m nor inpact

on the estimates and standard errors. \cite{Collins2}

\ subsection*{Accounting for antim crobial exposure}

\'| abel { abx}

Anti m crobi al exposure reduces the sensitivity of

cul ture-based tests. \cite{Weel er} This causes conplex difficulties
in the analysis of diagnostic accuracy in the absence of a gold
standard. If the patients taking antibiotics have

a higher proportion of false-negative results for culture-based tests,
not only will the culture-based test paraneters be biased, but those
that are not affected by antibiotics will also be biased because the
cul ture-based tests fail to provide support for the true-positives
found by those other tests. A common anal ytic approach is to
exclude those with evidence of antimcrobial treatnent. As with

m ssing data, this reduces power, and the sub-group not receiving
antibiotics may not be a representative sanple of the popul ation

\ vspace{3mi}

W adopted two approaches to account for antibiotic exposure. In our
primary analysis (Mbddel A), we coded culture results in the antibiotic-treated
group as m ssing, and assumed MAR. That is, the probabilities of

positive culture results are assunmed to be equal in both the

antibiotic and non-antibiotic groups, conditional on the results of

t he non-cul ture-based tests.

Secondl y, we conducted an analysis (Mddel B) in which all culture results
were included as observed, but the specificities

and the sensitivities of the culture tests were allowed to vary across
the two antibiotic groups. This approach was taken because

antimcrobial treatnent is common, and the accuracies of the

cul ture-based tests during antimcrobial exposure may thensel ves be of
interest. To determ ne the magnitude of bias, we also fitted a nodel

that took no account of antim crobial exposure (Mdel QO

\'secti on*{Resul t s}



\ subsecti on*{Expl oratory anal ysis results}

In the prelimnary anal yses, none of the inmunoconpl ex enzyne

i rmunoassays were associated with bl ood and | ung-aspirate

cultures, which are generally regarded as highly specific. This

accords with earlier findings that these i munoassays provide little or no
predi ctive value in the pneunococcal pneunonia diagnosis. \cite{Misher}
The | eftnost col unm of Tabl e~1

reports the summary of the available tests perforned for 281

pneunoni a patients after excluding these immunoassay results.

\ subsection*{Results on anti m crobial exposure}

We determ ned the antim crobial exposure of patients on the basis of
the urinary antimcrobial assay. Based on this gold standard, the
sensitivity of self-reported antibiotic use in the

| ast 2 days was 0.51 (69/135) and specificity was 0.78 (88/113).
Thi s di screpancy between self-reports and urine tests i s probably
expl ai ned by the use of antinmalarials,

whi ch are a common first choice of treatnent for fever,

and sonme of which have antibiotic properties.

O patients who reported taking no antibiotics in the [ast two days, 57\ % had
evi dence of antimcrobial activity in urine. Al of these patients
reported taking no antibiotics for the whole of the preceding

week. The rightnost columms of \nbox{Table 1}

report the percentages of positive results of seven

pneunococcal tests in groups with and wi thout urinary evidence of
antimcrobial treatnment. O urine sanples from 281 patients,

135 were positive for antimcrobial activity and 113 were negati ve;
urine was not obtained from 33 patients before inpatient antibiotic therapy
started. The results are consistent with previous findings that
antimcrobial treatnment eradicates positive bacterial results when
using cul ture-based tests. \cite{Weeler}

\ subsection*{Latent class anal ysis results}

The dataset for the primary analysis and nodel diagnosis contained al
seven tests listed in Table 1. However, out of 281 patients, only the
culture results of those not under antimcrobial treatnent were

used (113 patients).

The nodel fit to the data was significantly better when assum ng
condi ti onal dependence between |ung-aspirate culture and PCR
(likelihood ratio test

$\ chi 72=7.8%; $P=0.02% with 2 $df$), and between sputum cul ture and
nasophar yngeal swab

culture (likelihood ratio test $\chi"2=8.4%; $P=0.02% with 2 $df$).
Both are

pl ausi bl e fi ndi ngs, considering the shared |ocation fromwhich the
speci mens wer e obt ai ned.

Since lung-aspirate culture is regarded as highly specific, and nasopharyngea
swab cul ture preval ence was consi derably higher than that of sputum culture,
we

omtted lung-aspirate PCR and sputumculture, leaving five

tests in the final analysis. Consequently, since culture results of
pati ents under antimcrobial treatnment were coded mssing for this
anal ysis, five patients were mssing all test results. Thus the fina
nunber of patients anal yzed was 276.

\ vspace{3mi}

VWhen no paraneter constraints were applied, the specificities of both

bl ood and | ung-aspirate cultures were estimated as 97\ % Because the
literature suggests that these tests are in fact 100\ % specific,
\cite{Butler, Scott6} we decided to constrain these two specificities

to 1000\ % The fit of the constrained nodel did not differ

significantly fromthat of the unconstrained nodel (likelihood ratio test
$\ chi 72=2.5%; $P=0.28% with 2 $df$).

\ vspace{3mi}

Table 2 reports the estimtes of

Model A with 95\% confidence intervals (Cl's). The goodness-of-fit test,
conditional on the MAR assunption, \cite{Fuchs} indicated that Mdel A
fitted the data well ($\chi”~2= 18.5% with 22 $df $; $P=0.68%). The
estimated proportion of \nbox{\enph{S. pneunoniae}} anong inpatients

wi th pneunmonia is 0.46 (95\% Cl =0. 36-0. 57) .

\ vspace{3mi}

The estimates of the secondary analysis (Mdel B), where the

sensitivity and specificity estimates for the culture tests were
permtted to vary between anti biotic-exposure groups, are shown in

Table 3. For patients under antimcrobial treatnment, the sensitivities of
culture

tests are considerably reduced.

To illustrate the magnitude of bias, Table 3 also reports the

estimates of the Model C where the antibiotic exposure is conpletely



unaccounted for. (Detailed summaries of Mbdel B and C are presented in the
eTAbl e, http://Ilinks.|ww com EDE/ A399).

\ vspace{3mi}

According to the predicted 276 individual probabilities using

\ mbox{ Model A}, the average probability of \nmbox{\enmph{S. pneunoni ae}}
in those exposed to antibiotics (48 \% was slightly higher than in
non- exposed (42 \%.

The probability of pneunococcal etiology did not

differ in those with a fatal outcone.

\ vspace{3mi}

W al so conducted an analysis simlar to Model B, in which we allowed the
test accuracies to differ between H V-infected (n=147) and HV

non-i nfected (n=134); we found no differences

(likelihood ratio test against Mdel A, $\chi”2= 8.7%$ with 8 $df$; $P=0.37%).
The preval ence estinmate, when fitted to a subgroup of H V-infected only,

was 43 \ % (95\% Cl =31-55). For HIV non-infected

the nodel did not identify.

\'secti on*{Di scussi on}

Qur primary objective of the study was not to eval uate assays for

i ndi vi dual di agnosis but rather to estimte

the contribution of \nmbox{\enph{S. pneunoni ae}} to the burden of
conmuni ty-acqui red pneunoni a as accurately as possible.

We used a study that included a conprehensive set of |aboratory

di agnostics

together with a latent class anal ysis that accounted for the bias due
to antim crobial exposure. Anmong Kenyan adult patients with pneunonia
| eading to hospitalization

we estimate that 46 \% of episodes are attributable to pneunococcus.

\ vspace{3mi}

We found no differences in either pneunococcal preval ence or the

test accuracies between H V-infected and H V non-infected patients. Al though
H 'V status is an inportant factor in nost health outcones, our results
suggest that HIV is not associated with the ability of the tests to detect
pneunococcus as the causative pathogen for pneunonia.

In contrast, antim crobial

exposure is a highly-inportant factor when estinmati ng pneunococca

preval ence on the basis of inperfect diagnostic test results.

\ vspace{3mi}

O our three nodels, Mdel A provides the nost accurate estimate of the
preval ence of \nbox{\enph{S. pneunoni ae}} anong patients w th pneunoni a
by elimnating the bias inherent in using culture results frompatients
who have taken anti biotics.

In Model C, where no account is taken of antimcrobial treatnent, the
preval ence of \nbox{\enph{S. pneunoniae}} is underestimted by

al nost 15\ % as conpared with Mddel A It is inportant to note

that the test accuracies derived by \nbox{Mdel A} correspond to a
popul ation in which no antimcrobial treatnment is used. Because in
practice, such a population is highly inprobable, we also conducted an
anal ysis to evaluate the test accuraci es under antim crobial treatnment
(\ mbox{ Model B}).

\ vspace{3mi}

As expected, cultures of blood and |ung aspirates were highly-specific
tests for determ ning pneunococcal involvenment. The sensitivity of

bl ood culture (75\% was markedly higher than in a previous report
\cite{Butler} (36\%, where subjects under antim crobial treatnent
were excluded from anal ysis. However, our analysis showed

that treatnment by antimcrobials strongly reduces blood-culture
sensitivity (24\% when exposed to antibiotics), and that the

determ nati on of antim crobial exposure can be considerably biased

wi t hout bi omarker information. Focusing only on those not treated with
antibiotics may al so i ntroduce sel ection bi as.

\ vspace{3mi}

A rapid i munochr omat ographic test (ICT) for C polysaccharide antigen
detection in urine has shown

sensitivities in the range of 70-80\% and specificities of 90-100\ %

\ ci t e{ Roson}

Conversely, a study in which latent class analysis was applied, \cite{Butler}
esti mated

that the sensitivity and specificity of the ICT urine test were 77\ %

and 71\% respectively. The detection of capsular antigen has al so

shown hi gh specificity (98\% in a separate validation study,

\cite{Scott2} whereas the specificity estimate (831% fromour |atent class
anal ysi s

was | ess inpressive. In validation studies, either inperfect gold



standards or other patient groups are used, whereas in |atent class analysis,
t he

estimates are based on the concept of true disease. It nust be noted,
however, that the true disease status in latent class analysis is inherently
unverifi abe.

\ vspace{3mi}

A two-fold increase in Anti-PsaA 1gG was the npbst sensitive diagnostic test
(88\9%.

Al t hough the specificity (83 \% would not be high

enough for the purposes of a vaccine trial, the test may be

useful in providing an approximate estimate of the preval ence of
pneunopcoccus i n pneunonia patients, especially as the assay is unaffected by
antimcrobial treatment. As our study has shown, accounting for the

ef fect of antim crobial exposure is challenging, both in nmeasurenent

and in anal ysis.

\ vspace{3mi}

Pneunococcal col onization is a prerequisite for

pneunococcal pneunoni a. However, coincidental carriage during a

pneunoni a epi sode is also relatively conmon and may

lead to false positives by other diagnostic tests.

Qur analysis ained to separate these two processes, both of which originate
from pneunococcal col oni zation

Qur viewis that the nost coherent approach for this separation is through
a joint analysis of all test results using |latent class analysis.

As an indirect proof of the validity of Mddel A we derived the positive
predi cti ve val ue of nasopharyngeal swab cul ture,

whi ch was 0. 59.

G ven that pneunbcoccus had a preval ence of 46\ % in pneunonia cases, the
nasopharyngeal swab culture of pneunococcus adds little to the

eti ol ogi ¢ di agnosi s.

\ vspace{3mi}

Among di agnosti c studies of pneunpnia, a positive etiologic test is
consi stently found anong only about two-thirds of patients.
\cite{Scottl, Brit, Marrie} It has been suggested that a | arge
proportion of cases that remain undi agnosed are in fact caused by
pneunmococcus. \cite{Scottl} Unfortunately, this suggested verification
bias is generally intractable, because none of the currently available
tests is sensitive enough to corroborate the hypothesis. It is
surprising that recent advances in | aboratory science have not been
translated into epidem ol ogic gains in the diagnosis of pneunococca
pneunoni a. Pol ynerase chain reaction (PCR) for pneunococcal gene
targets, which may detect nunbers of organisnms too lowto growin
culture \cite{Rudol ph}, and detect non-viable organisns after
treatment with antibiotics \cite{Weeler}, has shown sensitivities in
clinical studies of only 29-69\%\cite{Lorente, Mirdoch, Haeften} when
conpared with blood cultures. However, despite all the

difficulties and uncertainties in pneunonia di agnosis, our anal yses
provide at least a lower limt of the disease burden caused by

\ mbox{\ enph{S. pneunoni ae}}.

\ vspace{3mi}

Among children in the Ganbia, a 9-val ent pneunbcoccal conjugate
vacci ne has been shown to have an

ef ficacy of 50\ % agai nst invasive pneunococcal di sease, and

an efficacy of 37\%

agai nst radi ol ogi cal l y-confirmed pneunonia \cite{Cutts}. The

G obal Alliance for Vaccine and | muni zation

has signaled its intention to accelerate introduction of

conj ugat e pneunococcal vaccine

for children in the devel oping world. As radiol ogically-confirnmed
pneunmonia is a comon cause of adult norbidity and nortality in
sub- Saharan Africa, it is pertinent to ask whether adults would not
i kewi se benefit frominmunization. The efficacy of the vaccine is
unknown in adults, but

our estimate that al nost half of inpatient episodes of pneunonia
in Kenyan adults are caused by \nmbox{\enph{S. pneunoni ae}} provides a
strong incentive to investigate it.
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% | atex table generated in R 2.10.1 by xtable 1.5-6 package
% Thu Jan 28 16:08: 32 2010
\ begi n{ si dewayst abl e} [ ht]
\ begi n{center}
\capti on{Sunmary of positive results for
\ mbox{\ enph{S. pneunoni ae}} in sanpl es obtai ned
from Kenyan adults with comunity-aquired pneunoni a:
overall and stratified by antim crobial exposure}
\begi n{tabular}{lrrrrrrrrr}

\ hline
Test &
\multicolum{3}{c}{Overall} &
\multicolum{6}{c}{Antimcrobial exposure} \\

&

\multicolum{3}{c}{} &
\multicolum{3}{c}{Yes} &
\mul ticolum{3}{c}{No} \\

&
\multicolum{3}{c}{(n=281)} &
\multicolum{3}{c}{(n=135)} &
\multicolum{3}{c}{(n=113)} \\



\ hline
& n positivel & \%positive & (95\% Cl) & n positive/l & \%positive & (95\ %
Cl) &n positivel & \%positive & (95\% Cl) \\
& n obtained & & & n obtained & & & n obtained & & \\
\ hline
NPS cul ture & 99/237 & 42 & (35-48) & 30/116 & 26 & (18-35) & 60/\,\,\,93 &
65 & (54-74) \\
Sputumcul ture & 21/249 & 8 & (\, 5-13) & 3/119 & 3 & (\, 1-\, 8) &
15/103 & 15 & (\, 9-23) \\
Lung-aspirate culture & 49/259 & 19 & (14-24) & 17/124 & 14 & (\, 8-21) &
25/106 & 24 & (16-33) \\
Lung-aspirate PCR & 55/170 & 32 & (26-40) & 22/\,\,\,81 & 27 & (18-38) &
24/\ )\ )\, 70 & 34 & (24-47) \\
Bl ood culture & 56/281 & 20 & (16-25) & 12/135 & 9 & (\, 5-15) & 36/113 &
32 & (24-41) \\
Urine antigen & 90/275 & 33 & (27-39) & 46/135 & 34 & (26-43) & 33/113 & 29
& (21-39) \\
Anti-PsaA rise & 107/201 & 53 & (46-60) & 55/101 & 54 & (44-64) &
42/\,\,\,83 & 51 & (39-62) \\
\ hline
\ end{tabul ar}
\end{center}
\f oot not esi ze{Cl indicates confidence interval; NPS indicates nasopharyngeal
swab}
\ end{ si dewayst abl e}

% |l atex table generated in R 2.4.1 by xtable 1.3-2 package
% Wed Aug 1 15:14:45 2007
\begi n{table}[t]
\ begi n{center}
\caption{Esti mates of a Latent
Class Mbdel Afitted to a dataset of diagnostic
test results of 276 Kenyan adults with pneunoni a}
\ begi n{tabular}{llrr}
\ hline
Paraneter & & Estimate & 95 \% Cl \\
\ hl'i ne
\multicolum{2}{Il}{Percentage of \enph{S. pneunoniae}}
& 46 & (36-57) \\
Specificity (\®W & & & \\
& NPS culture & 50 & (36-65) \\
& lung-aspirate culture & 100 & \\
& blood culture & 100 & \\
& urine antigen & 82 & (75-90) \\
& Anti-PsaArise & 83 & (68-98) \\
Sensitivity (\% & & & \\
& NPS culture & 82 & (70-94) \\
& lung-aspirate culture & 55 & (39-71) \\
& blood culture & 75 & (59-91) \\
& urine antigen & 50 & (39-61) \\
& Anti-PsaArise & 88 & (79-97) \\
\ hline
\end{tabul ar}

\f oot notesi ze{In Model A the culture results of those under
antim crobi al exposure are coded m ssi ng}

\end{center}

\ end{t abl e}

% |l atex table generated in R 2.4.1 by xtable 1.3-2 package
% Wed Aug 1 14:29:09 2007
\ begi n{table}[t]
\ begi n{center}
\ capti on{Conpari son of parameter estinmtes of Latent C ass Mddels
fitted to a dataset of diagnostic
test results of 276 Kenyan adults with pneunonia.}
\ begi n{tabul ar}{l 1 cccc}
\ hline
\multicolum{2}{l}{Paraneter} &
\multicolum{1}{c}{Mdel A} &
\multicolum{2}{c}{Mdel B} &
\multicolum{1}{c}{Mdel C} \\
& & & no antibiotics & antibiotics & \\
hl i ne
mul ticolum{2}{l}{Percentage of \enph{S. pneunoniae}} &
46 & \nmulticolum{2}{c}{39} & 32 \\
Specificity (\% & & & & \\
& NPS culture & 50 & 48 & 95 & 75 \\
& lung-aspirate culture & 100\,\,\, & 100\,\,\, & 100\,\,\, & 100\,\,\, \\

\
\



& blood cul ture & 100\,\,\, & 100\,\,\, & 100\,\,\, & 100\,\,\, \\
& urine antigen & 82 & \nmulticolum{2}{c}{79} & 75 \\
& Anti-PsaA rise & 83 & \multicolum{2}{c}{72} & 65 \\

Sensitivity (\% & & & & \\

& NPS culture & 82 & 82 & 61 & 77 \\

& lung-aspirate culture & 55 & 58 & 35 & 59 \\
& blood culture & 75 & 80 & 24 & 62 \\

& urine antigen & 50 & \nulticolum{2}{c
& Anti-PsaA rise & 88 & \multicolum{2}{
\ hline

\end{tabul ar}

\end{center}

}{51} & 49 \\
c}{83} & 84 \\

\ f oot not esi ze{Model A is the one reported in Table 2. In Mddel B
different sensitivities and specificities are allowed for culture

tests in the two antimcrobial exposure groups. In Mdel C antimcrobial

exposure is unaccounted for.}
\ end{t abl e}

\ end{ docunent }
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